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PREFACE 


With the rapidly increasing number of sewage treatment 
plants in the United States and the development of new methods, 
those interested in the subject will appreciate the valuable 
contribution to our literature on the troublesome subject of 
sludge contained in the following monographs by Dr. Eisner, 
Dr. Spillner and Mr. Blunk. The painstaking experiments and 
extended observations of these gentlemen, carried on under most 
favorable circumstances, enable them to speak with exceptional 
authority on this subject. 

Dr. Eisner's paper—“Die Behandlung und Yerwertung von 
Klarschamm" 1 contains a large fund of data gleaned from 
experience with, and observation of, the more important German 
plants and those of England. The broad scope and thorough 
treatment are characteristic of the German investigator. 

Dr.^ Spillner's paper, entitled “Die Trochnung des Klar- 
schammes," 2 is particularly valuable on account of the details 
of the results'accomplished up to the end of 1909 in the operation 
of the plants of the Emschergenossenschaft, which are now 
receiving, so rn^ich attention in this country. Dr. Spillner, as 
chemist, gives this information at first hand. 

The third paper cdinprises Part III of a Series written yet more 
recently by Dr. Spillner and Mr. Blunjc on “Results of the'Opera¬ 
tion of Some* of the Mechanical Sewage Clarification Plants of 
the Emscher Association." 3 This has been translated s by Mr. 
Emil Kuichling, M. Am. Soc. C. E. The title of this paper is, 
“Examination of the Sludge, the Liquid in the Septic or Lower 
Chamber of the Deep Emscher Tanks, and the Water Drained 
from the Wet Sludge on the Drying Beds." As this of more 
recent date than the former article by Dr. Spillner the authors 
have had the advantage of further experience in the operation of 
tanks of the Emscher or Imhoff type, as well as of the comments 
and criticisms concerning their design or efficiency that have 

l Fortschritte der Ingenieurwissenschaften, Zweite Gruppe, 24 Heft, Leipzig, 1910. 

Mitteilungen aus der Koniglichm PrufungsanstaU fur Wasserversorgung und Abwasser - 
oeseitigung, 14 Heft, Berlin, 1911. 

3 Technisches Oemeindeblatt, Vol. XIII, pp. 313-377 






vi PREFACE 

been brought out in the intervening time. Moreover, Mr. 
Blunk, as operating engineer, adds to the discussion informa¬ 
tion derived from the engineer’s point of view concerning their 
operation. 

Although up to the present time sludge treatment has been 
accorded little attention in America as compared with Germany 
or England, this will be demanded more and more hereafter. 
Some really creditable work has been done in this direction, how¬ 
ever, and it has therefore been thought desirable to add some 
notes on the characteristics of American sewages and on the more 
important results reached here in the treatment and utilization of 
sludge. 

For the greater convenience of American engineers the meas¬ 
ures given, unless otherwise stated, are those customarily 
employed in the United States: the gallon being the United 
States gallon of 231 cu. in.; the ton, that of 2000 lbs., etc.; but 
for the convenience of others the metric measure given by the 
authors of the first three parts are also stated. 

Acknowledgment is here made of the courtesy of the city 
officials and others who have furnished data concerning the works 
under their charge and, in particular, of the valuable assistance 
rendered by Mr. Emil Kuichling in the translation of obscure 
passages in the original papers by Drs. Ing. Eisner and Spillner. 

K. A. 


New York, November 26, 1911. 





CONTENTS 


PART I 

Treatment and Utilization of Sludge. By Alexander Elsner. 

Treatment and utilization of sludge. PAG g 

I. Introduction. ^ 

II. Sludge, its composition and amount. 7 

Detritus from grit chambers. ’’’’’’’ g 

Detritus from screening plants. g 

Sludge from plain sedimentation. * * ’ g 

Grease contained in sludge. 10 

Sludge from chemical precipitation.* 10 

Sludge from lignite process. H 

Sludge from septic tanks.’ H 

Digestion of sludge. H 

Sludge from contact beds . * 12 

Sludge on irrigation fields.. 

Influence of the manner of treatment.. 13 

Amount of sludge.. 15 

III. The removal of sludge from clarification tanks. . .22 

Removal of detritus from grit chambers. 25 

Removal of sludge from tanks, wells and towers . 27 

a. Itemoval with interruption of operation. 27 

b. Removal of sludge during operation.35 

1. Construction.35 

2. Mechanical contrivances for removing sludge 

during operation.44 

e. Contrivances and conduits for conveying sludge . . 50 

IV. Reduction of the water in sludge.54 

a. Drying in the air.55 

h. Drying by filter presses.64 

e. De-watering sludge by centrifugal machines. 69 

(I Other methods of reducing the water in sludge.77 

Y. Utilization of sludge . 81 

a. Utilization of the fertilizing properties of sludge .... 83 

1 . The use of wet sludge as a fertilizer . 85 

, 2. Utilization of de-watered sludge as fertilizer ... 91 

3 . Production of fertilizer which can be strewn over 

the ground.93 

b. Complete utilization of calorific value by burning .... 95 

c. Production of gas. 101 


IX 

































X 


CONTENTS 


Page 

d. Extraction of grease. 106 

e. Various other methods of disposal.109 

VI. Considerations regarding the treatment and utilization of sludge 

in the choice of a method of clarification . . . % .Ill 

Concluding remarks.HO 

PART II 

The Drying of Sludge. A Report from the Sewerage Division 

OF THE EMSCHER ASSOCIATION. KgL. BaURAT MlDDELDORF, 

Chief Engineer, Dr. Ing. Imhoff, Division Superintendent, 

By Dr. Ing. Fr. Spillner. Essen-Ruhr. 

Introduction. 121 

I. The drying of sludge.123 

Necessity of drying.123 

Methods of drying different kinds of sludge.130 

II. Drying of fresh sludge.. . 131 

III. Drying of septic tank sludge.140 

IV. Drying of Emscher tank sludge.143 

Experiments with draining.146 

Comparative experiments with fresh and decomposed sludge. 152 

The reasons for facility of drainage.169 

Experience with drainage methods in large plants.164 

PART III 

Results of the Operation of Some of the Mechanical Sewage 
Clarification Plants of the Emscher Association. By Dr. 

Ing. F. Spillner and Mr. Blunk. 

Introductory note. 172 

Measurements of the sludge.H 3 

Examination of the liquid sludge. 178 

Examination of the drained sludge .^4 

Examination of the liquid drawn from the septic chamber of an 

Emscher tank and the drainage water from the sludge beds .... 186 

Yearly costs. 

PART IV 

Sludge Treatment in the Uniteiv States. By Kenneth Allen, 

M. ApfTSoc. C. E. 

I. American sewage. *95 

II. Detritus from grit chambers .*99 

III. Screenings. 2 ^2 

IV. Sludge from plain sedimentation. ...210 

V. Septic tank sludge. 2 * 7 

VI. Sludge from Emscher tanks.224 





























CONTENTS 


xi 


Page 

VII. Sludge from chemical precipitation.230 

VIII. The disposal and utilization of sludge.236 

1 . Disposal of night soil on farms.236 

2. Dumping at sea.238 

3. Application to the land.239 

4. Filter-pressing. 243 

5. Drying with centrifugal machines.244 

6 . Recovery of colorific value.246 

IX. Summary and conclusions.252 











TREATMENT AND UTILIZATION 
OF SLUDGE 


BY 

ALEXANDER ELSNER 

TRANSLATED BY 

KENNETH AND ROSE S. ALLEN 


TREATMENT AND UTILIZATION 
OF SLUDGE 


rilAPTKK I 
Introduction 

Thu salisfactIon foil in the* more* perfect methods of sewage 
clarification and t heir adaptal ion t o different kinds of sew ago has 
been diminished to an increasing extent by the question of the 
disposition of tin* sludge* which accumulates in the 4 vieiiuly of thc- 

works, 

in hs,“7 the highest sanitary authority of Kngland proposed 
that a part of the* filth in sewage la* removed before discharge 
into stroams in order to prevent their further pollution and the* 
intolerably unsanitary conditions resulting therefrom; and if was 
than that the sludge question first arose*, Le. f the question of its 
iN-moviil and tin* disposal of the* tilth separated from the liquid. 

Formerly sewage had beam disposed of hi flat easiest and 
cheapest way by discharging if into a stream, or, in a few in¬ 
stances, distributing it over the* land for financial gain, while* 
now the* sludge* was aeeuimdate*d in the. neighborhood of Mm 
plant without considering that flu* gain in sanitary conditions 
wiih more than offset by the* putrefying masses of sludge* in the 
thickly settled manufacturing towns, thereby impairing the 
health of the inhabitants. 

The farmers did not make use of the sludge us had beam 
expected. This wan partly because* they discovered that its 
vnlRe lmd been overestimated, and partly because of an increase 
in manufactures, whereby they were driven more and nmro 
to truck farming m those populous districts, re<juicing a nmro 
expensive fertilizer, which they were then able to pay for. 

Two ways have been attempted to reduce this nuisance. A 
method was sought to make the kludge# which contained much 
lime after the prevailing chemical treatment, transportable by 
draining off a part of the water before putrefaction set in, In 

3 
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order that its use might not be confined to the limited number of 
farmers in the neighborhood of the works, and so that, in this 
more portable condition, it might have an increased value 
commercially. Clarification processes were sought which would 
promise a smaller output of sludge while otherwise equally 
efficient. 

The rapid spread of septic treatment may be attributed to an 
exaggerated idea of the reduction of sludge which was antici¬ 
pated. A further advantage was the comparative infrequency 
of the objectionable process of cleaning required by this method. 
The introduction of biological methods, which seemed at once to 
solve the difficulty by means of the sludge-consuming activity 
of micro-organisms, was favored by the difficulty in caring for 
the annually increasing quantities of sludge due to chemical 
precipitation. 

, The assumption that the amount of sludge would be reduced 
by 70 per cent, or even 90 per cent., as had at first been expected, 
in septic tanks, was shown to be erroneous, nor was the difficulty 
of caring for the sludge removed by biological treatment; for 
even contact beds become clogged more or less quickly, according 
to the fineness of the material and the frequency of filling, and 
must then be taken apart so that the sludge can be washed away. 
With sprinkling filters, especially when made of coarse material, 
the necessity for taking them apart does not occur so frequently, 
but flakes of deposited matter are washed out of the beds, which 
usually necessitates the placing of a sedimentation basin in the 
line of the effluent conduit. It has been found that the greatest 
practicable preparatory clarification by sedimentation tanks 
may increase the cleansing power ofbacteria beds by 11/2 or 
2 times, while at the same time postponing a premature accumu¬ 
lation of sludge. 

This is also true of sprinkling filters and intermittent land 
filters. Here it is especially the grease, animal fibers, hairland 
cellulose which form a felt-like surface sometimes 2 in. (5 cm.) 
thick, injuring the plant life, lessening the filtering capacity, and 
hindering the aeration of the soil. Removing this cover is 
expensive and much of the fertile soil is lost. Furthermore, 
much larger volumes of sewage can be delivered to the land after 
thorough preliminary treatment (English estimates give 5 times 
as much with chemical treatment, 10 times as much with biolog¬ 
ical treatment), a most important fact in consideration of the 
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decreasing area of available land and its increasing value accom¬ 
panying the growth of cities. It is not only in sedimentation, 
septic treatment and chemical precipitation, as well as in screen¬ 
ing plants and grit chambers where sludge naturally accumulates, 
but also in sprinkling filters, land filters and contact beds that it 
becomes a troublesome factor. 

Two qualities render sludge particularly troublesome to both 
the technical employees and to those living near the plant, and 
also, on account of the high cost of removal, to the town author¬ 
ities. These are the tendency to putrefaction, particularly in 
warm weather, and the contained water, which increases its 
volume and adds to the cost of transportation. 

In particular its tendency to putrefy quickly in warm weather 
with a strong, disagreeable odor, which becomes a nuisance not 
only to the operatives at the works themselves, but also to the 
residents of the neighborhood, made a change ever more impera¬ 
tive. This is easily understood when one remembers that by far 
the greatest part of a city’s filth is stored near the clarification 
plants. What large quantities are involved may be seen from 
the fact that in the 16 years from 1887 to 1903, 930,000 cu. yds. 
(711,000 cbm.) of solids were removed from the sewage of 
Frankfort. Here, indeed, as in most places, a further accumula¬ 
tion of sludge might be avoided by its use as a fertilizer; but the 
annoying odors already mentioned cannot thus be avoided since 
the great proportion of water calls first for its drying out in the 
air. Commonly, however, the demand for fertilizer is not great 
since, especially as in the vicinity of towns lacking a sewerage 
system, the supply of night-soil, with its higher fertilizing power, 
may supply the farmers’ needs. Many examples made it clear 
that in planning clarification plants the greatest attention should 
be given to the disposal of the sludge. This was the case, not 
only in England, where the sludge nuisance appeared more 
pressing on account of the chemical treatment, which was pre¬ 
ferred for its greater removal of sludge and for the enhanced 
value of the sludge itself due to the addition of lime, but also in 
Germany, where, decades later, similar conditions were repro¬ 
duced on a smaller scale. 

But even where it is easy to dispose of the sludge, whether 
dried or wet, there is occasion for further treatment. For, as 
this by-product is of small value and of considerable mass, there 
should be an effort to avoid its transportation and treatment, 


especially by manual labor, which increases tin* cost to an un¬ 
necessary extent. What an enormous expense may result is seen 
in London, when* about $23N,()00 (1,000,000 M.) is annually 
spent in carrying the sludge to sea in tank steamers. 

In Leipzig, too, the annual expense of Imndlimr is about 
$7100 (.SO,000 M.), mainly for carting off the dried sludge. 

, Efforts to improve this condition have been made in two 
directions. Oik* was to remove the sludge and to simplify and 
cheapen its transportation to drying beds or places of utilization, 
and in particular to avoid t.lm unhygienic manual labor. Hue 
way to effect this is to give the tanks, wells and towers for sludge 
the best possible form; and, further, to install machinery and 
apparatus for the automatic removal of the sludge, or to operate 
the plant so as to produce the least possible amount of sludge 
with equal clarification. 

Other experiments and attempts have been made to remove 
the water from the sludge more quickly and with less objection 
than by drying in the open air, or at least to improve upon this 
method, water being the greatest drawback to rendering sludge 
of value*. Above all, if is desirable to retain the fertilizing prop- 
erties of the sludge, its fats and calorific value, and in this way 
to reduce the cost of treatment, efforts which arc* important even 
from the agricultural standpoint. It is estimated that. 
$143,000,000 (000,000,000 M.) an* annually lost, by failure to 
utilize the nitrogen in sewage, but one-tenth of which is used. 
Although those figures an* theoretical and perhaps exaggerated, 
they should cause one to reflect. 

These considerations for simplifying and improving sludge 
disposal and utilizing it, or at least- attempting to do so, are of 
great importance to an engineer who is planning a disposal 
plant. Disregard of these matters hits often resulted in costly 
alterations, or even a complete change of plan. 

Any standardizing of sewage treatment should be strictly 
avoided and each plant designed with reference to the particular 
local conditions. 








CHAPTER II 


Si/rwfB, Its Composition and Amount 

By sludge is here meant all the residue which remains after 
treatment of city sewage by grit chambers, bar screens and mesh 
screens, tanks, wells, and towers, by plain sedimentation or 
chemical precipitation, septic tanks, contact beds or irrigation 
fields. 

Its composition and amount depend upon: 

1. The composition and volume of the sewage. 

2. The manner of collection. 

li. Tin* method of treatment. 

I. The operation of tin* plant. 

I. The amount and composition of sludge, which consists 
mainly of the undissolved matter contained in the sewage, vary 
quite as much as the character of the sewage in different towns. 

Even the amount differs very greatly. To mention but two 
examples, Paris sewage contains 1515 parts per million (mg. per 
liter) of imdksolved material, but that of .Hanover 270 parts per 
million (mg. per liter). 

Those cities whose inhabitants have low standards of living 
ami use but little water per capita, have a very concentrated 
sewage, and ho, in general, a large volume of sludge. 

Aside from this, the amount of trade wastes determines to a 
large extent t he character of the sewage. This depends, not only 
upon the volume of the trade, wastes, which sometimes surpasses 
that from domes! ic sources, but also upon the addition of certain 
substances, particularly free acids and salts of iron, which can 
convert midinsolved into soluble material, and thus effect the 
amount and character of the sludge. Certain industries add 
substances which increase the putrescibility of the sludge or 
retard its drying, such as textile mills which give it a fibrous, 
felt-like character. Others add large quantities of grease which 
may determine the method of removal or treatment of the sludge. 
Other substance, particularly from metal works, act on the 
sewage and sludge as a disinfectant. ( 
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The daily change in the character ni* flu* xewmrc is of import - 
aiuKi in plants where the sludge is removed duriun ennt muons 
sedimentation, particularly where it is carried hunedmuiy to 
the filter press for flirt her t real menf. Not only b if * rhamrou* 
changed but also its volume. 

2. The system of sewerage is of Importance in so far jih the 
amount and character of the sludge Is concerned, as considerably 
more mineral matter reaches the sewers in it combined system, 
The amount of this mat (‘rial again effects the character of the 
sludge, particularly its percentage of moist an*. Large i|iiitnf hies 
of filth are washed in from the streets during heavy rains an a bo 
by the cleaning of asphalt and wooden pavement 

In towns whore the streets an* chiefly macadam and where no 
catch basins are provides!, In order to collect as mttelt of the lilt it 
as possible at one point, outside the city, especial cure dumb! bo 
taken, in planning the dimensions of the grit chamber nod the 
means for chaining it, on account of the large* amount of mineral 
matter brought down. 

If the sewage passers through pumping stations and hum 1 been 
mains or traverses long distances before it reunite'*/ fit*' f rent meat 
plant, much of the suspended mat ter will be broken up, thus 
reducing the amount retained by the tanks and *rreein% a con¬ 
sideration of especial importance a here the chinheatiuu in 
effected by these means only. 

3. The greatest variation in the volume and character of tin* 
sludge is due to the method of clarification: that b, the method 
and arrangements by which the separable flintier is removed 
from the sewage. 

Not only is the amount of the sludge, bill a bo Uh condition 
and composition, dependent on the efficiency of the proceed of 
clarification. 

Dimirres FiioM (birr CfSAMitftu* 

The sediment removed by grit chambers b composed priiieb 
pally of inorganic matter. Its putrescibilify, the most offend vo 
quality of sludge, is therefore slight, as well its the amount of 
water contained. This varies from 35 to hi) per cent» 1 f depends* 
aside from the manner of cleaning the grit chamber and the fre¬ 
quent stirring-up resulting therefrom, upon its content of organic 
matter, and this, again, upon the velocity of fhnv provided, Two 
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inches (5 cm.) per second should be the least. On the one hand 
the attempt should be made to keep the deposit as free as possible 
from putrescible organic matter in order to permit of its con¬ 
venient disposal, its handling and transportation; on the other, 
it should be remembered that the mineral particles of the de¬ 
tritus carried to other parts of the plant form there an undesir¬ 
able ballast which makes the care and utilization of the accumu¬ 
lated sludge difficult. For this reason the installation of a special 
grit chamber is seldom omitted. 

Detritus from Screening Plants 

The screenings from screening plants differ greatly both in 
amount and character. The meshes of the screen or the spacing 
of the bars may run from 1.0 in. (25 mm.) to 0.04 in. (1 mm.) 
according to whether it is desired to keep coarse matter from 
the sewage or sludge pump, or to secure the greatest possible 
clarification of the sewage. 

The amount, changes, also in the course of the day. As most 
of the coarser suspended matter consists of wastes from habita¬ 
tions the amount reaches its maximum at noon or soon after, 
and almost disappears by nightfall. This fact is of importance in 
the case of bar screens. The material is almost wholly organic 
and consists of scraps of meat, vegetables or fruit, cloth, hair, 
corks, wood and lumps of fecal matter. 

Its composition varies so widely that it is impossible to give 
an average value. The amount of water contained is small, 
amounting to but 70 or 80 per cent. On account of its organic 
origin it is highly putrescible. 

Sludge from Plain Sedimentation 

Sludge formed by the process of sedimentation in tanks, well 
and towers consists of a semi-liquid, black mass which soon be¬ 
comes offensive with much gas and foul odors. Its decomposi¬ 
tion is accelerated by warm weather. 

The amount of water in the sludge in tanks is usually 90 per 
cent., in wells and towers 95 per cent, and more, and is regulated 
by the manner of treatment. 

In conjunction with the sludge from chemical precipitation 
and septic tanks, it produces the largest volume to be treated 
on account of the proportion of water contained. Therefore, 
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most of the efforts and treatment for the* utilization of sludge 
aim at its removal. 

Grease Contained in Sludoe 

Here we see the significance of the grease contained in sewage 
and also in the sludge; as, on the one hand, this may interim- 
with the use of the sludge iti agriculture and, <m the other, has 
led to attempts for the recovery and utilization of the »rea.-e. 

According to the experiments of Schreilier. tin* Merlin ounce 
contains 22 lbs. of grease per 1000 persons (20 g. per capita) 
per day, the,, 10.1 lbs. (7.3 kg.) per capita pci* annum. This 
corresponds to a quantity of grouse in the sewage of from 0.01 
to 0.020 per cent., most, of which reappears in the .dud*/»*. 

Also, in the settled sludge of other cities, as Frankfort-nn-the- 
Main, Mannheim, Elberfeld and ('towel, the amount of grease is 
found to he from la to 20 per rent, of the dried material. 

The Krenter apparatus shows much larger amounts of creme 
in the scum. In the Osdorf experimental plant, with an amount 
of water in the sludge from SI to SO per cent., they found from 
9 to (i per cent, of grease, or, referred to tin* dried material, as 
much as 4!) per cent. In ('hurloltenbiirg, with the same* appara¬ 
tus, 12.X lbs. of grease per cubic yard (75X3 g. per clou.) was 
recovered. This would give 500 lbs. C227 kg.) of grease from 
7,925,000 gallons (30,000 ebm.) of sewage per day for the whole 
city. 

Sr.trWiE IdtOM GltKMIfAt, PutWICITATION 

The sludge from chemical precipitation is similar in character 
to that from plain sedimentation but, the quantity is much 
larger, which fact, taken in connection with its decreased value 
as a fertilizer on account of chemicals used in the process, has 
been to a great extent the reason for abandoning this method of 
treatment.. 

The largo volume of sludge is explained by the more complete 
separation of the undissolved material by chemical treatment, 
and also by the addition of the precipitant. 

It should be noted that 208(1 lbs. of lime per million gallons 
(250 g. per cbm.) of sewage, which is often used in England, 
produces not only 0.55 lbs. (230 «,) of sludge but 5.52 Hat. 
(2500 g.) as the lime settles as sludge containing about 00 per 
cent, water. 
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Sludge from Lignite Process 

The sludge obtained by this process is very full of water (95 
per rent, or more) but can generally be easily pressed or dried in 
the air, as is clone at, Lopenick, without putrefaction or the 
emission of unpleasant odors. The pressed sludge has but a 
faint musty smell and is non-putrescible. 

Sludge from Septic Tanks 

The same* thing is true of the sludge from the septic tank, a^ 
this has gone through the process of decomposition in the tank. 

This, loo, has only a slight musty odor. 

It has a granular earthy structure from decomposition, in 
contrast with precipitated sludge which, after the water is drawn 
off, has a fibrous, fell-like appearance. 

The earthy character of sludge from the septic tank process 
aids in the removal of the water, enabling it to dry more rapidly. 
It is also more fluid, in comparison, in spite of the small amount 
of contained wafer—about, 80 per (amt. 

All the flat a thus far given eoncerning the amount of water 
contained In sludge are averages taken from a large number of 
plants and are subject to certain variations depending upon the 
design of t he plant and particularly upon the thoroughness of the 
mode of opera! ion and the method of removing the sludge. 

Digestion of Sludge 

In t he sept le process one phenomenon lias been much discussed, 
namely, t he digest ion of t he sludge. That is to say, a diminution 
of the quantity of the sludge in such a manner that the dried 
solids contained both in if and in the effluent of the septic tank 
are less than the amount received. A reduction of 80 per cent.or 
more was anticipated by the introduction of the septic treatment 
and thereby relief from the troubles associated with sludge. The 
amount of suspended matter contained in the effluent must be 
considered in determining the percentage, of reduction, and this 
is rather large, lit different English cities, for example, it varies 
from about do parts per million (mg. per 1.) at Salford to 244 
parts per million (mg. per L) at Birmingham. Moreover, the 
sludge becomes more dense in time and in this way loses a part of 
its water. In fresh sludge 1 this is about 90 per cent, and in dried 
sludge 80 per cent, m has been noted; therefore the former has 
twice the volume of the latter. 
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Moreover, a part of the solids is transformed into gas and 
another part liquefies. This alone Is to bo considered in t hr 
reduction of sludge. 

The amount of this in different Knglish cities is as follow.-: 
Birmingham 10 per cent., Manchester 2d per cent., Leed> 30 per 
cent., Sheffield 33 per cent. 

In Unna, also, where it was removed only once a year if was 
found to .he but about 00 per rent, of the aggregate amount when 
removed weekly. 

The reason for the differenre between these several figure- lies 
partly in the* difference hi t ho composition of 1 he sewn mu es¬ 
pecially whether it is pulreseible domestic sewage or whether it 
contains much impalpable mineral or other material not ea ily 
broken up, and partly in the different amounts of I he solhb con¬ 
tained in the effluent of tin* septic tank. 

A certain a,mount of sludge reduction may always be expected 
after prolonged storage. 

Knrnun fhom Contact linns 

Kludge* is also found in contact beds and its removal at stated 
intervals is necessary, depending on the extent of its preparatory 
treatment, the const met ion of tin* beds and their operation. 
The sludge that is washed out is of mi earthy consistency, con¬ 
tains bO to 75 per cent, wafer and is readily dried. As it is bio¬ 
logically digested it, does not become foul later except in those 
cases whore the beds are overloaded. If- strongly resemble?! 
septic sludge. In sprinkling filters it contains, under cert a in 
conditions, a larger amount of organic mat f ee, such as the larva* 
of flies and mosquitoes, while in contact beds It contains earth¬ 
worms and other worms. 

SmmUR on IfUtJOATION FlKMDH 

Kludge sometimes appears on irrigation fields m the form of a 
layer of slime which covers the soil. It consists of cellulose and 
grease, prevents the admission of air and sewage and must be 
removed with u spade. This slime can be avoided by installing 

sedimentation tanks. 

The differences in sludge obtained by the various kinds of 
treatments mentioned correspond also to its chemical composi¬ 
tion, so that there is little practical value in giving definite limits 
to the amount of each ingredient of which it is composed. 
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In order to present a general Idea of the matter some analyses 
showing results obtained with different methods of treatment 
are here given. Later some materials will be considered more 
fully which give to sludge a certain fertilizing value. 

ANALYSES OF SLUDGE IN PER, CENT. 



Sludge from 

Sludge precipitated by 




plain sedimen¬ 
tation 

Frank fort-on- 
Main 

Lime 

.....—.- 

Sulphate of 
iron and lime 

Septic 

Sludge. 

Stuttgart 

Sludge 

from 

contact 

beds. 

Tempel- 







hof 


Wet 

Dry 

Fr at lkfort-on-Main 



Water.. 

01.07 


90,85 

80.96 

77.3 

74.2 

Organic matter . 

5.08 

57.00 

4.15 

13.31 

7.35 

0.4 

16.5 

0.6 

Nitrogen contained . 

0.23 

2.85 

0.31 

0.10 

Inorganic matter. 

3.85 

43.00 

5.00 

5.73 

15.35 

9.3 

Phosphoric acid con¬ 

0.23 

2.85 

0.07 

0.02 

0.4 

0.5 

tained. 

Potash. 

Oxide of iron 

0.05 

0.56 

0.02 

0.007 

0.1 

i 2.0 



1 




Influence of the Manner of Treatment 
4. The management of the plant has a marked effect on the 
quality of the sludge, especially the amount of water contained, 
and therefore upon the total volume. 

As already shown, this is the case to a certain extent with grit 
chambers. A frequent cleaning out of the sludge, possibly with 
dredges, causes a stirring up of the deposit, thus mixing It with 
the sewage, while in plants where the cleaning is done at longer 
intervals after cutting out the grit chamber, which is ordinarily 
divided into compartments built side by side, the grit deposits 
more firmly and contains less water. 

This difference is not very important In consideration of the 
comparatively small quantity of deposit in the grit chamber, its 
easy handling and its inoffensive character. 

In settled sludge, on the other hand, the quantity of water is 
of great importance, as its large amount may readily result in a 
nuisance on account of its unforeseen increase as well as from the 
greater cost of the transport and disposal of the Increased volume. 

In considering the influence of the contained water on the 
amount of sludge it should be noted that 1.3 cu. yds. (1 cbim) of 
sludge having 80 per cent, moisture contains 7 cu. ft. (200 1.) of 
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dried solids, while 1.3 cu. yds. (1 cbm.) of sludge having 05 per 
cent, moisture* contains 1.75 cu. ft.. (50 I.j ot dried solids; there¬ 
fore the amount of theeontained solids is as 1:1. A given volume 
of sewage from which the suspended matter is removed and dried 
produces in the first case 4 times that in tin* last. I he amount 
of this material alone corresponds to the* decree oi elarification, 
but not to the total volume of tin* sludge. 

Sludge contains the most moisture, 05 per cent, and over, in 
plants where it is removed continuously, as in this case if is 
always kept in motion and cannot settle. 

In clean sedimentation tanks also, be., where great care is 
taken to prevent the set tied sludge from put retying, the water 
content is large, especially in summer, as the sludge must lie 
removed frequently. 

In order to reduce tin* volume of sludge it may be allowed to 
remain longer and partially digest when the effluent from the 
sedimentation tank is given subsequent treatment, po-*il»iy on 
contact beds of irrigation fields. Sludge is then produced with 
85 to 00 per cent, less moisture. 

It is assumed that the sewage doesmot contain substances from 
industrial plants which inhibit put refaction, so float it is at tnoM a 
question of reducing the volume by consol hint ion from prolonged 
settling. 

That the consolidation of sludge has an effect on its water con¬ 
tent is seen in tin* Kmscher tank, where the sludge at it depth of 
36 ft* (11 m.) contains 70 per cent* moisture and at 20*5 ft, (0ftu) 
75 to 80 per cent. This occurs less in ordinary tanks, with their 
less depth of sewage and sludge, than in wells and lowers, 

The velocity of the sewage also affects the amount of water in 
the sludge. This has been demons!rated by the experiments of 
Steurnagel at Cologne. It was found that the slower the velocity 
in the tank the greater the volume of sludge. 

The experiments showed that In 264,170 gallons (1000 ebtti.) of 
sewage with a velocity of 0*156 hi- (4 mm*) per second the result 
was 5.28 cm yds. (4.04 cbm.) of sludge, with 05.57 per cent. of 
moisture and 4.43 per cent, of dry material; with .78 in. (20 mm,) 
per second velocity, 3.23 cu. yds. (2.47 cbm.) of sludge, with 
02,87 per cent, of moisture and 7.13 per cent, of dry material; 
with 1,60 in. (40 mm.) j*ersecond velocity, 2*41 cm yds. (L84 ehnn) 
of sludge, with 01.34 per cent* of moisture and 8*06 per cent* of 
dry material* An examination of these figures shows that the 
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volume of sludge is greatly increased by diminishing the velocity 
but. I hat the amount, of the dried material is less, so that after all 
a much larger volume is produced [twice as much by .16 in. 
(■1 nun.) per second velocity as with 1.56 in. (40 mm.)] without 
improving the clarification; for the amount of the dried material 
removed is as 17.0:15.9. These experiments, however, only 
lasted one day. In practice one can count on a greater con¬ 
solidation of water and sludge with a velocity of 0.16 in. (4 mm.) 
per second. 

'Hie explanation of the result of this experiment is that with 
the greater velocity the finer particles of sediment, which are 
contained in a large quantity of water but which altogether com¬ 
prise but. a small amount of dried solids, are carried into the 

receiving stream. 

If sedimentation tanks are used intermittently, i.c., if the 
sewage is retained in them for sonic time after filling, possibly 
from 2 to 6 hours, and is then drawn off, clarified, the amount 
ot settled sludge is less than with a continuous flow. Kludge is 
always stirred up in refilling which does not settle again but 
passes out, in the effluent. It. does not pay to clean out the 
comparatively slight, deposit, from every filling, in which way 
this objection could be met. 

In London at Barking the proportion of sludge derived from 
intermit,tent treatment fwith 2 hours’ resting) to that from con¬ 
tinuous flow is as 1 : 2, but this is in part due to the short time 
allowed for resting. The difference in the volume and consistency 
of the sludge is marked between the operation of several tanks 
In pa mill »I and hi series. 

In the* latter ease a large amount of thick, .viscous sludge is 
deposited in I lie first tank and a fine, greasy mass of less volume 
in tin* last. As Henning out is therefore required less frequently 
in I lie latter, this system and also the sludge more nearly resem¬ 
ble those of septic treatment plants. 

In planning for the removal and utilization of sludge and the 
sums to be expended, fin* method of clarification should be con¬ 
sidered from the beginning. 

Amount of Su'doio 

It is also desirable to possess more information concerning the 
amount* of sludge deposited by the different methods of clarifi¬ 
cation. 
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It is impossible to give final figures or formulae by which the 
quantity of sludge to be expected may be exactly estimated, 
for this must vary within very wide limits for the reasons already 
stated. Exact values can only be ascertained by experiments 
with the sewage in question, which should always be made in the 
case of large plants and especially where the sewage shows any 
peculiarity. 

However, we can usually judge of the quantity of sludge to be 
expected from the amount of suspended matter in the sewage. 

In this way Busing, starting with an amount of suspended 
matter of about 700 parts per million (g. per cbm.) and a ratio 
of mineral to organic matter of 2 : 3, knowing the volume of the 
sewage and considering the amount of matter retained by catch 
basins, etc., estimates an amount of suspended matter equal to 
1/1000 the volume of the sewage. The limiting values he 
states as 1/750, from a rather concentrated sewage, to 1/3000, 
where water is liberally used. This corresponds to 0.070 
to 0.307 cu. in. of dried material per gallon (0.33 to 1.33 1. per 
cbm.) or 1.03 to 6.58 eu. yds. sludge 90 per cent, water per 
million gallons (3.3 to 13.3 1. per cbm.) and 0.43 to 1.74 cu. yds. 
per 1000 persons (0.33 to 1.33 1. per cap.) daily with a water con¬ 
sumption of 20.4 gallons (100 1.) per day.. With an assumed 
average of 1 to 1500 for normal sewage the last two values would 
be 33.2 cu. yds. of sludge per million gallons (6.71 1. per cbm.), 
or 0.88 cu. yds. per 1000 persons (0.67 1. per capita) per day. 

These values agree well as to the contained moisture with the 
figures of Imhoff (Proceedings of the Royal Experiment Station, 
Vol. VII) in which, from many analyses of sludge in England 
and Germany, the amount of dried material in sewage was 
established at 2.1 oz. (60 g.) per capita per day, when including 
storm water but not industrial wastes. This value gives, with 
an amount of water in the sludge of: 

95 per cent. 2.1X20=42 oz. (0.06x20=1.2 1.) sludge per 
capita per day. 

90 per cent. 2.1x10 = 21 oz. (0.06x10 = 0.6 1.) sludge per 
capita per day. 

80 per cent. 2.1x5 = 10.5 oz. (0.06X5 = 0.3 1.) sludge per 
capita per day. 

We may approximate the same result by assuming an amount 
of suspened matter of 17.5 to 35 grains per gallon (300 to 600 
mg. per 1.), as is the rule with city sewage in Germany. With a 
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specific gravity of 1.1 we obtain 12.G to 25.2 eu. in. per cubic yard 
(0.27 to 0.541. per cbm.) of dried material. As the larger floating- 
substances are not included in the analyses this figure should be 
somewhat greater, so that 14 to 28 cu. in. per cubic yard (.3 to .0 
1. per cbm.) of sludge containing 90 per cent, water may be 
expected. 

In estimating these values no account is taken of a partial 
elimination of the solid matter in the clarification plant. The 
efficiency of the method of clarification is therefore to be taken 
into account. 

These methods of estimating are valueless, possibly in the case 
of grit chambers, but particularly with screening or contact bed 
treatment. Here one must trust to experience and experiment. 
It is in any case of greater value to consider experience with the 
plants of towns where the conditions are similar than to depend 
upon theoretical calculations of the sludge to be expected. 


AMOUNT OF DETRITUS FROM GRIT CHAMBERS AND 
SCREENS 



American measures 

! 

Metric measures 


Place 

Cu. yds. 
per million 
gallons 
«e wage 

Cu. yclH. 
per 1000 
inhabi¬ 
tants per 
day 

liters per 
1000 cubic 
meters 
sewage 

liters per 
1000 in¬ 
habitants 
per clay 

Method 

employed 



0. 

067 ! 



Charlottenburg. J 

0. 

,014 

Hamburg. 

0. 

,826 

0. 

,056 




0, 

.079 

Sch&neberg. 1 

0. 

,643 

I 0, 

.021 




0, 

.027 

Marburg... 

J 

0, 

.022 

Frankfort-on-.Main. 

0 , 

,643 

0, 

.038 

Frankfort-on-Main. 

0, 

.643 

0, 

.038 

Cologne.,. 

0 . 

,366 



Cologne . 

0 

. 905 


IOlberfeld. 

1 0 

.426 

0 

.025 

IClberfeld . 

! o 

,630 

0 

.037 

Hanover . 

1 1, 

.060 

0 

.033 

Dresden. 

0 

.140 

0 

.007 

Dresden. 

; o 

.500 

0 

.022 

Munieh-( J ladbaeh. 

; o 

.371 

0 

.076 


13.5 


Coarse screen- 



ing. 


11 

Grit chamber 



and screening. 

167 

43 

Grit chamber 



and screening. 


60 

Grit chamber 



and screening. 

130 

16 

Grit chamber 



and screening. 


21 

Grit chamber. 


17 

Screening. 

130 

29 

Grit chamber, 

130 

29 

Screening. 

72 


Grit chamber. 

183 


Screening. 

86 

19 

Grit, chamber. 

129 

28 

Screening. 

216 

25 

Grit chamber. 

30 

5 

Grit chamber. 

101 

17 

Riensch disc. 

75 

58 

Screening. 
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The following tables give some results of the amounts of sludge 
obtained by various processes. The figures are obtained jatrlly 
from reports and partly by direct information furnished by city 
authorities. 

The amounts may be estimated per million gallons of sewage 
or per capita per day. The first method is used in towns whom 
much of the sewage comes from manufacturing concerns, while 
the latter affords a better comparison where?, these are absent, 
because the different volumes of water used are eliminated. 

It is further to be noted that in estimating t ho separate quant b 
ties the volume of sludge is usually ascertained quite accurately 
by the mark of the surface level in the tank, by the* contents of 
the vacuum receiver or the sludge-press, or that of the drying 
bed, while, on the contrary, the volume of the clarified sewage in 
a specified period, especially in towns with combined sewerage, 
is usually not closely enough ascertained. 

The results with these methods naturally vary greatly, especi¬ 
ally with bar screens and mesh screens, on account of the differ¬ 
ence in the size of the mesh and the spacing of (he bars; but this 
is so with regard to grit chambers also, although in less degree, 
on account of the different velocities and other reasons already 
given. 

AMO UNT OF SLUDGE FROM SKDIMKNTATION TA K KH 

| American nianmiren I Metric miwurcn j 



o.m 













TREATMENT AND UTILIZATION OF SLUDGE 19 

With grit chambers we estimate 0.37 to 0.75 (average 0.50) 
<ui. yds. per million gallons [75 to 150 (average 100) 1. per 1000 
cbm.] of sewage and possibly 0.013 to 0.026 cu. yds. (10 to 20 
1.) per 100 inhabitants daily. The same figures are to be used 
for bar screens. They are of course not correct for simple coarse 
bar screens which are only intended to keep coarse material from 
the pumps, or plant. The amounts for these are much less, 
although with largo screening plants they increase somewhat. 

In the larger (lerman plants the amount of sludge is fairly 
uniform. It is about 10 to 25 cu. yds. per million gallons (2 to 
5 1. per cbm.) or 0.3!) to 1.31 cu. yds. per 1000 persons (0.3 to 
1.0 1. per capita) per day. These differences result from the 
<;auses already mentioned, but above all from the water con¬ 
tained in the sludge;. Therefore the places mentioned in the 
tables employing clarification by wells have comparatively large 
amounts of sludge. .For example, the high figures for Langen- 
salza result, from the continuous removal of fresh sludge. In 
( lulmsec, on the other hand, the separate system exists and the 
sewage is fairly concentrated. Preliminary treatment by con- 
I act beds gives values similar to sedimentation, special weight 
being laid upon the greatest possible previous removal of sus¬ 
pended matter in order to protect the beds. Subsequent treat¬ 
ment, which is only used with sprinkling filters, on account of the 
particles of deposit frequently washed out, naturally shows but 
a small amount of sludge. 

A MOP NT OF HLUfHiH FROM HKPTLO TANKS 


American measures 


Metric measures 


Flat* 

Cubic yards 
per million 
gallons 

i sewage 

Manchester. 

, J 12.0 

Accrington.... 

.7.0 

Holms,,,,,. . , 

7,4 

Hampton , . ,, , 

.1 4/M 

Birmingham ... 

ULKf> 

Htottgart, . 

1H.0 

Merseburg . 

8,2 

MnJlheim,. ., 

ms 

Burnt,♦» . , 

0.0 

WpxfgL, ,. 

j 7/4 

BwsHmrbmmien.,,. 


iialbwirtittit 

..I 47.5 


■ Hiibie yardH per j Liters per 
j 1000 persons j cubic; meter of 


daily 

sewage 

1 

1 0.62 

2.43 

i 

1.6 

j 0.18 

1.6 


0,88 

\ 1 

3.4 

j 0.50 ; 

8.76 

>' 0.10 

1.66 

! 0.16 

2.0 

j 0.26 

2.0 

1.47 

| 0 , 13 - 0.33 

: i .26 

9.6 


1 FwIImiriary MofogtaftI treatment in experimental plant. 


1 liters per 
capita per 
day 


0.47 

0.136 


0.38 

0.08 

0.35 

0.20 

0.1-0.25 

0.96 
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With septic tank* the amount of -!udw b 1 *' , hi» *’d j.. I,- ij„. 
more complete the septic act inn < Meoebtir:'\\ Imre Un- -wage 
is chiefly domestic and without storm tescr, which nlwm, odd. 
much mineral mailer, the amount h aboip 0,1.i '*»(•„.-», ,- 4 . id.. 
for each 1000 persons fO.l to 0.2 1. per capita ■ h,d!\. m /. i to I„',J 
on. yds. per million gallons ( I.o t<> 2,b I. |mt chm < oi ^ *'wr.;m. 1» 

the other case, as well us in tIn 1 preceitct* of itondj timie w;> *<•, *ho 

limit is increased lo about 0.20 cii. yds. pet* Ittoo p*u‘ nn-, Oi,,i |, 
per capita) per titty, or to 17.2 cm yds. per million nlh.ie. 21, 
per cbm.). Therefore many of the Knglidi -hie* de.w t.cHi 

AMOUNT OF SLUIHiF, FItOM I’llKMH' VI. fiti.f 11*11 ViOA 

! Arritrieim m 4 ^n>^ 


VUmi 


< Hi bio yunh Vuhk yard > 

pw million i«*r 1<HI0 
KuIIohh purnfiiir- 

SiWIijf# ! daily ! 


t til dr 

<4 


hi**'} * -;a I- 

* 4 d » | • ♦ 

4>n 




Chorley. .. .] 7f i 3.64 ! 16 -Vo 

Hendon. tm tt.tw II J 

l.ii-hlirld. . ! SM.7 !. « i 

Sheffield. j 18.4 ; O.M i " <1 

tiury.I 74 ' 2,1W IS j 1 *)»' V> op 

Guildford. j 111.11 : 4.01 ,M,« » '*1 U r.<x. Coi 

tlliWKOW_ 42 j ... , . S.S ! .... . I w, ..n 1 f jli-lii’...)) 

j i , ; fttamma 

London.1 82.2 j 1.U0 , U.j l.rt jod . ilrl.n*. id 

‘ , mm 

Laipilg.1 24.1 : .HO t.Wi *• «J <oi.e -4 .* 

Kmhoii .! 19.8 : . 4.00 - i » 


larger amounts of sludge. In Hnlbei'f.tadt the high few*? m 
attributable to the limited amount of digestion ««> the -bulge in 
removed here every K weeks. 

Chemical treatment produce* a vaiied amount of -judge de¬ 
pending upon the process employed and the amount of pre¬ 
cipitant used, as the latter produces a large volume of /Judge 
containing much waiter. Tims, 1.71 grsiite of lime per gallon 
(100 g. per cbm.) of sewage, if the precipitation wefe complete, 
would give 2.2 lbs. (1000 g.) of sludge with *M» per cent, moMure. 
But often ,44 lb, (200 g.) to even 1.1 lbs, (duo g.) of pieeipitadt 
are added separately. Tin* itteren-ed elmllseat ion effected by 
sedimentation, possibly 7,1 to NO per cent, of the tmper,d«d maft'-r 
as compared with (50 to 70 jier eeul, by tneclmtn*-;d meihodt-y 
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results in larger deposits of sludge. In general the amount is 
25 to 50 cu. yds. per million gallons (5 to 101. per cbm.) of sewage. 
The low efficiency observed at Sheffield is explained by the fact 
that one-third of the sewage there is wash water. 

The lignite treatment, which is closely allied to chemical treat¬ 
ment, removes yet greater amounts of sludge, 100 to 125 cu. yds. 
per million gallons (20 to 251. per cbm.) of sewage, partly because 
a very watery sludge is obtained, partly because the lignite and 
sulphate of alumina increase the volume greatly by the absorp¬ 
tion of water. At Copenick on the other hand, where the sludge 
is obtained by drying out in the tanks to about 60 per cent, 
moisture, they get 12.5 cu. yds. per million gallons (2.5 1. per cbm.), 
or 1.18 cu. yds. per 1000 inhabitants (0.9 1. per capita) daily. 

From the data given the amount of sludge to be expected may 
(in spite of some considerable differences) be estimated with 
sufficient accuracy for a given size of plant and the arrangements 
for its treatment and utilization. 

Chemical treatment gives the greatest amount of sludge and 
has, therefore, been abandoned in many cases, while the septic 
tank gives the least. The rule applies to all methods, that the 
more thorough the purification the greater the resulting amount 
of sludge. 



('llAPTKK Ill 


The Removal of Hu'ixik khom Clahikh'viion I am*» 

A well considered plan for removing the sludge from (lx* 
tank and for Itw transport to plane* where further drying nr 
treatment in carried on, in of great, importance; fm op*"’ slim 
rests the efficiency of various method* of trefitment, Mm.over, 
foul odor* may in'this way be minimized, if not entirely jr.ohhd, 
and large! sums of money wived, especially iti wage,.. 

The plants and their details, therefore, vary very greatly and 
in general must be adapted to the methods of cleaning nod of 
operation as well as to the topographical conditions. 

The general principles to be observed in the treatment of 
sewage may be summarized as follow-,: 

1. The more frequently sludge has to Is* removed and <lm 
larger its amount, the greater the attention that must lie given 
to the matter and the greater the cost, in .any given en-e, 

2 . The condition of the sludge which is favorable for its later 
use must not be altered to its detriment in removal. 

The removal of sludge mind be accomplished with the lead, 
possible work. 

4. This should be effected, so far as possible, without, manual 
labor. 

5. The removal should be as complete as pmedble, 

(j. With mechanical appliances it is important that all parts 
should be as simple as possible, especially movable part *, and 
that their location should Is* above water. 

Referring to 1, the periods of cleaning are largely dependent 
on the method employed. 

The removal of detritus from grit chan : ■ , 

place after the receptacles provided for it are tilled, in order to 
avoid encroaching on the waterway and preventing inMillteient 
sedimentation. A daily cleaning is only required where the 
amount removed is very large, as otherwise excessive dimensions 
for the grit chamber would be necessary, and this removal should 
then be by mechanical means. 
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With mesh screens and bar screens the detritus should, natur¬ 
ally, be constantly removed. Here, too, the removal in large 
plants is mechanical and automatic. 

The intervals between the removal of sludge from semimenta¬ 
tion tanks depend on the putrefaction of the material contained. 
This is controlled by the nature of the sewage and also by the 
temperature. Therefore the sludge may remain in the tanks 3 
to 7 days in summer, 8 to 12 in winter. In chemical treatment 
these periods can be increased, especially when this method 
interferes with putrefaction. At Leipzig, e.g., the sludge is drawn 
off every 10 to 20 days. 

In septic tanks the sludge should be removed at much longer 
intervals. Its storage is here the important matter. With 
small installations removal need only take place from one to 
two times a year, in larger ones very one to three months. In 
general, an infrequent removal should be aimed at, as only in 
this way can the advantage of the septic tank be fully realized; 
for the amount is diminished by long storage, as has already 
been mentioned, and it also becomes less offensive. In any case 
an increase of suspended matter in the effluent caused by the 
accumulation of deposit and a resulting increase of velocity, 
indicate the time for cleaning. Another method, and one to be 
recommended in large plants with large volumes of sludge, is to 
draw off a part at shorter intervals during operation; while the 
main cleaning should be done in the fall and spring, especially 
whfere it is used as a fertilizer. When the removal is made, as 
at Leeds, through plug valves at the bottom, the result is the 
thickest and most thoroughly digested sludge and an objection¬ 
able interference with its free flow is prevented. Moreover, the 
tank is in continuous use and the sludge chamber can accommo¬ 
date smaller volumes (Emseher tanks). 

The intervals between cleanings in contact beds are so varied, 
according to their construction and demands, that no figures 
can be given. 

The amounts of sludge from the different processes are given 
in the previous chapter. 

As to 2, the favorable condition of the sludge, especially the 
small amount of water contained, must not be altered in its 
removal. If sludge from septic tanks, for instance, must be 
stirred up so as to be removed by pumps, the proportion of 
water, and consequently the entire volume, is increased, although 
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the water is given off again more readily on account of lie com- 
position than in plain sedimentation. In such cum > .dudm * IMfu 
the combined system leads to better results by drawing oit Hie 
upper dilute layer by pumps, while the lower, settled layers are 
excavated, as in Unna. Sludge from plain sedimentation nbo 
contains more moisture where the stirring process or fliislimg 
pipes are used. 

With the Kremer apparatus, where the sludge of tin* fmffmtt 
layer contains but 85 per cent, of water or less (tis here the *;rea,e 
and cellulose particles which attract, a, large amount of moe ttue 
are removed), this preservation of the favorable eoii.-i-tem-y <>! 
the sludge in its removal is most important. 

Where the fine greasy material is removes! separately by being 
passed through several tanks, the ability to keep it separate is 
desirable in order to work it over into grease, or else to bury it 
wet, while the coarser portion can be* dried. 

3. The work of disposing of sludge can often be greatly 
lightened by an intelligent use of the land. The places for drying 
sludge should therefore be located as low as possible In order to 
permit of its discharge from the tanks by gravity, Tltb E 
especially desirable where the tanks are elevated above the Mir* 
rounding land on account of an unfavorable soil for foundation 
and ground water (liheydt) or where the entire plant t **n 
sloping ground (Sicgen). 

Much may also be gained by a favorable arrangement oj the 
ground plan of the separate parts, such as tanks, sludge well*, 
pumps and beds and apparatus for drying sludge. 

As sludge containing much sand does not flow so readily itfid 
therefore demands a steeper slope in the bottom of tin* tank 
and in the pipes, it is advisable to place it good grit chamber for 
its interception. The suction of the pumps will then be more 
efficient and erosion lessened. 

Much labor can be saved by forethought in designing the 
tanks for the removal of sludge. The use of mechanical appara¬ 
tus, such as will be described later, will be of advantage #ti 
certain cases. 

4. In spite of the large numbers of bacteria in sludge (over 
11,000,000 per c.c. were found in one English examination of 
fresh sludge) the number of pathogenic germs in small. There¬ 
fore there is but little illness among the employee* ui t im-i- plmo < 
that can be traced to them. There m f however, some po^rifiility 
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that the germs of contagious diseases in a city may exist in the 
sewage and sludge in large numbers until they are sufficiently 
disinfected. 

For this reason, and because the exhalation from the sludge as 
it putrefies, as it almost always does in summer, are detrimental 
to the health of the workmen, their personal contact with the 
sludge should be avoided. The high wages required to get this 
dirty and unpopular work done can also thus be saved. 

5. When portions of putrescent material remain in the tanks 
after the removal of sludge, the fresh sewage entering becomes 
contaminated and in a few hours septic. The bubbles of gas which 
form in septic tanks cause particles of sludge to rise and then pass 
out in the effluent or adhere to the contact beds, which may be 
inserted subsequently, hastening the process of sludging. In 
this connection all devices for drawing off the sludge from below 
the surface, and whose proper operation, therefore, cannot be 
observed, should receive careful supervision. 

Formerly but little weight was attached to this matter in 
England, and as the outflowing liquid became putrescent and 
carried off larger flakes of suspended matter, plain sedimentation 
tanks were abandoned in favor of chemical precipitation. 

If particles of sludge remain for any length of time in the tank 
they become compacted and their loosening and removal, per¬ 
haps by flushing nozzles or by stirring, always becomes more 
difficult. 

6. It is unnecessary to point out that the principles applicable 
to all hydraulic work—that of providing mechanical details of 
the greatest simplicity and strength and locating their moving 
parts so far as practicable above water—are especially important 
in dealing with sewage and sludge. One favorable quality in 
sewage is to be noted: that the contained grease acts in many 
cases as a lubricant on the moving parts with which it comes in 
contact. 


Removal op Detritus prom Grit Chambers 

Detritus is most frequently removed by suspending operation 
and cleaning it out with a shovel by hand after the sewage has 
been pumped off. For this purpose it is necessary to divide the 
grit chamber. A further division is sometimes made in the effort 
to maintain the most favorable velocity for depositing the mineral 
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matter by changing the flov of sewage by operating or cutting 
out the different units. 

In smaller plants the deposited material is often collected in 
buckets set in a steeply sloping pit and these are lifted out by 
cranes. Larger plants are often provided with bucket dredges. 
These can be stationary provided the bottom has a steep slope 
(1:1) toward the dredge, but the movement in a vertical direction 
must be sufficiently great for it to be taken entirely out of the 
sewage after being used. This is necessary to avoid obstruction 
to the current of the sewage and to prevent the rusting of the 
bearings. In order to provide a steeper slope to the end walls 
with a greater length to the grit chamber It is advisable to pass 
the chain for the buckets over two pulleys, as in Figs. 1 and 2, as 
is done in Manchester. With a shallow pit the dredge must move 
horizontally. Sharp angles between bottom and side walls 
should be avoided, as these will not be reached by the dredge and 
facilitate deposits of decomposing sludge. Cleaning may then 
take place during operation, as at Frankfort and Elberfeld. 
With very fine sand this may cause trouble, as it will be stirred up 




JFigs. 1 and 2,—Arrangement for cleaning grit chamber. 


and. washed out by the dredging. For this reason the dredge 
was abandoned at Marburg. In place of the bucket-and-chain 
dredge a clam-shell dredge may be used, but, in order to prevent 
injury to the bottom, only when the plant Is not in operation. 

On account of the depth of detritus in grit chambers, its 
removal by pumps or steam ejectors, ak was attempted at Diissel- 
dorf, is not feasible, as the sand is mixed with water which then 
has to be again separated. At Merseburg, on the other hand, a 
Wegner patent portable suction pump was successfully employed, 
which will be spoken of later. 
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The mechanical devices for the removal of detritus from mesh 
screens and bar screens, which are usually an intrinsic part of 
the plant, will not be particularly mentioned here. Further 
particulars may be found in Dunbar's “Principles of Sewage 
Treatment" 1 and Schmeitzner's “Clarification of Sewage." 2 In 
smaller plants the cleaning is usually done by hand with rake or 
spade. 

Contact beds are taken apart for cleaning, and the material 
freed from deposit by rinsing or washing by hand or by machines, 
such as are used for gravel filters. 

Removal of Sludge from Tanks, Wells and Towers 

The question of removing sludge from tanks, wells and towers 
in sedimentation plants or from chemical precipitation tanks is 
of great importance. It is a question involving much larger 
volumes and also a more frequent removal made necessary by 
these methods of clarification. 

We may make a distinction at this point between (a) removal 
with interruption of operation, and (b) removal during operation. 

a. Removal with Interruption of Operation 

In this method the tanks are allowed to remain quiet—for 
tanks are almost always used in this method—for 1 or 2 hours 
after cutting off the supply. The clarified liquid above the 
sludge is then discharged into the outfall through an outlet con¬ 
trolled by gates or stop-planks. With a fixed overflow weir 
there is sometimes a special by-pass channel with a controlling 
valve. The turbid liquid which then remains in the tank above 
the sludge must usually be drawn off by pumps or a vacuum 
receiver, and conveyed to the influent conduit for a second clari¬ 
fication. Where there are several tanks it can be brought 
through a sufficiently deep connecting channel to a clean empty 
tank, in this way saving some cost. This tank is then filled with 
unsettled sewage and the process continued. 

The drawing off of the turbid liquid must be done in such a way 
that it is removed as completely as possible down to the under¬ 
lying layer of sludge without stirring this up. For this purpose a 

1 “Clarification of Sewage,” by Dr. Irtg. Rudolph Schmeitzner. Translated by A. Elliott 
Kimberly. Eng. News Pub. Co., N. Y., 1910. 

2 “Principles of Sewage Treatment/ ’ by Prof. Dr. Dunbar. Translated by Hv T. Calvert. 
J. B. Lippincott Co., Phila., 1908. 
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movable weir, of which there :.r<* various t>p-. nr.iy I- •«; 

channels al, different levels, such as air patented by the hnu of 
(loigerin Karlsruhe, and have been furnished by them (or Fiber 
fold. IIoro there is a drum whose* fmimi i* \t\ *h»iil 

spiral slits placed behind an iron plate with a uTinad b> ;-■* sn 
the wall of the tank. The liquid is gradually drawn <<u t.. lower 
levels by the rotation of the drum containing the which 

overlap those in the plate at different elevations. 

The same result Is secured at Munich-* lladbach by a pipe 
which can lie telescoped. At, the upper end this ha been eh 
larged like a funnel to secure a broad overflow and ■>*, tn«nd 
uneven dis( urban res. 

At (T>pemYk lho emptying of our!h tanks Imviiiff n rapariH 
of about 2,440,000 gallons (4200 cbm.), is accompli de-d every 
2 to 4 weeks in 2 days by S pipes of o.So in. * [A oiu ‘dear 
diameter placed at different elevations. These lie in it wall U ft. 



10 in. (2 m.j long, which also serves as an overflow weir, and are 
closed by iron flap valves set at the ends on the wafer side at an 
angle of 4o degrees. These are dosed by the pieman** of the 
sewage and can he opened by chains from above. This d tuple 
device lots proved very efficient. 

All these arrangements, however, necessitate careful watching 
during operation. This is rendered unnecessary by the floating 
arm devices which were first used in Kugbtnd. 

Here there is a circular or square pipe aft ached to « fixed 
horizontal one, which can be swung in a vertical plane (Fig. 2b 
The upper end is always kept H to 10 in, (2ft to 2’> etn t below 
the surface of the sewage by one or two floats, Consequently 
the sewage is only drawn off front the top layer. At the mi me 
time the opening being submerged prevents (hurting substances. 


' 
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such as scum and grease, from flowing off. The same purpose is 
sometimes served by a protecting box fastened between two 
floats (Fig. *0 or a float big scum board which cuts off a portion 
of the lank in which the floating arm is located and which moves 
in two grooves in the sides of tIn? tank. 

A valve is inserted in the horizontal pipe to regulate the dis¬ 
charge. In order to draw I he sewage from the tank more evenly, 
the pipe leading to the valve may be divided into two branches 
whieh drop to each side of tin* tank (Fig. 4). 



Vw. a UmiMt? rUmtmjt?; arm. 

In employing a vacuum receiver for the removal of the turbid 
liquor the introduction of a well for this liquid is advisable, as 
this renders the effluent independent, of the intermittent opera- 
t ion of t he apparat us. 

I*, wells where there is not room for such a floating arm, whieh 
must be longer owing to the greater depth, a hose may be used 
which can be lowered by a chain as the sewage is drawn down 
(Marburg), or the suction end of which is kept, submerged by 
floats. In general there will be found no necessity for special 
devices in wells for the removal of the turbid liquor but the 
sludge pipes can be used for repairs and inspection purposes. 

After tint roily sewage has been removed the sludge must he 
drawn off. For this purpose* a sludge sump should be provided 
in the tank, from which the pump draws off the sludge directly, 
or a sludge well should be inserted. The best position for tint sump 
in tanks with the ordinary inclination Is directly after the inlet, 
as most of the sludge is deposited here. In the experiments at 

t..-:" ~ 3079 

ri I ' z- 
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Cologne with a velocity of l.bf> in. (40 mm.) per second in the 
11 ft. (3.3b m.) long sump (which is placed at t he* inlet just in front, 
of the regulating device for securing a uniform (listribution of 
how) ? about 4b per cent, of the sludge was deposited, while* in the 
remaining length of the tank—fully 130 ft. (40 m.) only bb 
per cent, was deposited. With a velocity of 0.7N in. (20 mm.) 
the proportion was bl per cent, to 40 per cent,, and with a veloc¬ 
ity of 0.1 bO in. (4 mm.), 70.7 per rent, in tin* sludge* sump and 
29.3 at the bed,tom of tin* tank (Fig. b). At tin* same time stteh 
a location of the sump prevents a silt ingot p of the rn sect ion 
and gives to the* bottom of the* tank an inclination toward the 
inlet favorable* to (‘ffewtive se*diment at ion. On account of tin* 
opposing current of the* se*wag<\ however, the* flow of the sludge 
is retarded 


0mm tOmm $mm 



While* it was formerly thought to be* advisable in const meting 
sedimentation tanks to place? baffle* walls and other impediment* 
to tin? flow of the* sewage* in order to promote* elarifieat.ion, more 
reagent methoels turn rather at preventing detrimental currents 
and at removing the sludge! as simply and mmomirally as 
possible. For this reason the ground plan should be regular in 
shape and above all sharp angles and corners sltemld be avoided 
fremt which it may be difficult to remove fhe* sludge. 

Earthen tanks are not advisable for thorough sedimentation, 
as they require frequent cleaning and, even for experimental 
plants a lining of cement or planks (which have been found 
serviceable In Bremen) should be employed. Otherwise the 
clarification tank must be used for sludge drying as well, m t he 
muddy bottom would be removed with tin* liquid sludge, lit 
drying sludge in tanks, too, it is well that the sub-soil should 
have some marked characftwisiic, such as a light colon Above 
all, it is impracticable to provide a tank with a natural bottom 
of sufficient slope to convey the sludge readily to the sump* 



^ TREATMENT AND UTILIZATION OF SLUDGE 31 

This mere detail is of particular value in tanks, for it is a 
disadvantage in this type of clarification chamber that the 
sludge must he removed separately from a large surface, and in 
cleaning by hand must be pushed to the sump by wooden or 
rubber covered scrapers. With the frequent cleaning necessary 
in sedimentation tanks this results in a groat d<‘al of labor and 
expense. It is, moreover, harmful to the workmen, who must 
often wade up to the knees in sludge and inhale the noxious gases 
from the decomposing material. 

The attempt is therefore made to so construct the bottom of 
the tanks that tin* sludge, in pumping, will always flow by gravity 
to tin* pump well. 

The slope in general use, say 1:100 (Mannheim and Oassel) 
to 1:45 (Hanover) is not sufficient, for experience, has shown 
that Homo aid by manual labor cannot be dispensed with in 
these tanks. 

For an easy, automatic flow with settled sludge containing at 
‘least 90 per rent, of water a slope of 1: 10 to 1: .15 is necessary, 
depending on wind her there is much sand a,ml coarse material, 
or whet her t here is a, fine, fluid sludge*. Hindi a steep slope is 
not feasible with tanks 130 ft. (40 m.) long. In some tanks a 
channel for tin* sludge* has been built in the* bottom, which grad¬ 
ually increases in depth and, for example, in Mannheim with an 
inclination of the bottom of 1:100, is given a fall of 1:50, in 
Munieh4dadhaeh one of 1:25. The attempt has been made, 
in addition to increasing the fall, to reduce the friction of the 
sludge in tin* deep channel relative to that spread out in a tjiin 
Inver over flu* whole bottom. But, even in this way it is not 
always possible* to attain an automatic flow, as the inclination is 
st ill f oo small, and, moreover, on account of its fluidity, tin? sludge 
assumes a, horizontal surface and does not flow from flu* sides 
into the channel and so into the sump, but spreads, rather, in a 
broad stream over the whole of tint bottom. The channel, also, 
with its steep Hides and curved invert, renders subsequent chain¬ 
ing by hand more difficult. 

To facilitate this, or, possibly, to Install an arrangement for 
removing sludge which will be described further on, the tank 
should lie built with a basket-shaped cross-section, or with 
straight lines and a steep diagonal slope, but without, sharp 
edges or corners. 

In Frankfort-ott»the-Main, to entirely avoid subsequent clean- 
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in«, bv hand, two sludge sumps were const meted m a tank 
in{> uy iuum, had a hmcitmuual 

135.8 ft. (41.4 m.) long, <uul tin • > , , 





1 


2 (*: 


wuh 1:3, ami near tin* sumps 
2 (Fig. 7). These have a 
diameter of 8.2 It. (2.o in.}. 
Their bottoms arc* conical 

with an inclinat ion of 1:1. In 
addition, sill surface.- expos'd 
to the He wage are lined with 
glazed brick or, where this in 
not. possible, tin on small 
rounded angles, with surnot lily 
dressed sandstone, In this 
way a perfect i v aut • rtitftt i>* tlov. 
of sludge tovviinl the ,-tutip.- i- 
secured. .Moreover, a pipe 
for water under pre-oirr wit!; 
liliiny connection-' turn beeu 
laid,' by the aid of which it 
thorough cleaning may be 
.fleeted by jet-, for the rlazed 


surfaces gradually 1 pecotne 
coated with a sticky laic* 


which increases the ftictton <4 
the flowing sludge. 

Further attempts to divhie 
lilt* bottoms of tank;- into 
Heparafe hoppers I’acilitfite the 
flow of the sludge and aid 
particularly hi its removal 
during the operation of the 
plant and will therefore be 
treated of later, 

Ingeneral every plant should 
be so roust meted a*' to abso¬ 


lutely prevent, any deposit of “Judge in the receiving rhuiisb* M 
branching channels and entrance galleries, by etc titing mi «tuple 
velocity to the stream. We should endeavor to simplifv Hit* 
process by separating the sludge ut uh few places as powsibln 
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because, from the lack of suitable provisions, the removal of 
sludge from these parts of the plant can seldom be accom¬ 
plished without interfering with the operation. 

The next step is to effect the concentration of the sludge in the 
direction of the pump pit by mechanical means, and thus lower 
the cost. 
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width of the car. The car has an adjustable squeegee on the 
forward side provided with a strip of rubber and is drawn by a, 
rope from the effluent end to the sump at the inlet. The wind¬ 
lass is turned by the engine which operates the dredge, and as 
the rope runs over a guide-pulley it can be used for all four tanks. 
The return movement is accomplished by another wire rope 
which is drawn by a movable windlass operated by hand. This 
motion could have been effected by the engine already mentioned 
if the rope were led through guide pulleys around the tank, as 



customary with steam plows which, are driven by one engine. 
To move the car across the end of the tank and for lifting across 
the wall separating two tanks, four wide rollers arcs used which 
can be inserted or removed by means of screws. All hough 
where there is an accumulation of sludge, the car must make 
several trips, yet 78 to 92 cu. yds. (GO to 70 cbm.) of sludge can 
be removed from a large [commonly 32,300 sq. ft. (3000 sq. m.)) 
and nearly horizontal tank, by two men in one day, while* for¬ 
merly it required nine men for perhaps three days to do this. 
Moving the car across of course makes it necessary for the* men 
to get into the tank, but this is only at the effluent end where 
there is little sludge and occupies but little time. 

This has been avoided at Bolton by constructing in each of the 
shallow tanks, 328 ft. (100 m.) long, a sludge-pushing car (Fig* 9) 
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which, on account of the narrow width of the tank, serves for 
the whole cross-section. It is said that all the sludge in the tank 
can be removed in 15 minutes. It is doubtful, however, if the 
sludge can be removed by this apparatus without also drawing 
off the upper layer of sewage; for the watery sludge, on account 
of the slight difference between its specific gravity and that of 
the sewage in a full tank, would probably rise in front of the car 
and flow over it, aided by the current induced by the motion. 
This cannot happen with an empty tank on account of the density 



Fm. 9. * AHhton-appanUuH for removing sludge from shallow tanks. (Bolton.) 

of thr* Kludge with Its contained water. With a rounded cross- 
section of the tank such an apparatus, modeled after a canal- 
cleaning car, could bo used and could be driven by a light movable 
windlass, preferably run by electricity. The whole construction 
could be made much simpler and lighter by having the rope 
attached to the squeegee at several points. The question of a 
gain in efficiency depends upon a uniform cross-section for the 
entire: length of the tank. 

ft, Kkmovai. ok Huron e During Operation 
1. Construction 

The somewhat costly and troublesome process of removing 
sludge during a suspension of the flow led early to the devising 
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of ways and means for simplifying and cheapening the work by 
continuous removal. Wells were first considered for (his purpose, 
because the comparatively small sludge tank, especially in 
chemical precipitation, which was them in general use, with its 
large volume of sludge, required frequent cleaning; while* its 
form offered the fewest difficulties to continuous removal. 

Its principal advantage is in avoiding the costly removal of t he 
turbid sewage, which in most places must b(* drawn off by pumps 
from tanks as well as from wells; and especially where the process 
necessitates frequent cleaning this is an important considenition. 
Moreover, the entire plant can be in use*, while* otherwise to avoid 
overloading it must be constructed of greater size in order to 
allow for those parts which lie idle during chaining. It earn be so 
designed, moreover, that only the dried sludge* is exposed, 
provided closed pipes are used and the drying is done by a 
mechanical process described later on, so that the* demands of 
hygiene are more completely met and foul odors are* a 1 meet 
eliminated. But even if sludge is drie*d in the* open air this 
method offers great advantages, especially if tin* plaee* for 
drying are at some distance from the treatmemt plant. 

A disadvantage in most plants chained during operation lies 
in the fact that their sludge contains a greater amount of water, 
not less than 95 per cent. 

Where it can be utilized in this wet condition without further 
transportation or where ample areas for drying with favorable 
sub-soil and location are available, this mutter is of less import¬ 
ance. 

In those plants, on the other hand, where the drying or hand" 
ling is done by machines whose size would have to he mrremed to 
correspond to the greater volume of sludge, one should consider 
whether the increased efficiency will pay for tin* greater outlay. 
As this mariner of removing sludge always requires a material 
that will flow, it must often lain* place before it has fully sefiM. 
It is therefore especially adapted to thorough sedimentation, 
that is, where the clarified sewage is discharged to the .stream 
without subsequent treatment and consequently must not be in a 
putrescent condition. The sludge shows an easily flowim* con¬ 
sistency when it contains a small amount of grease*, although it 
contains but little water. The Kremer apparatus U therefore 
particularly well adapted to the removal of sludge during opera ¬ 
tion, because we have with it the separation of the fats and cell it- 
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lose wliieh are found in the partly clarified upper stratum of the 
liquid, while in the lower part we have the descending sediment. 

It goes without saying that one can never predict with cer¬ 
tainty regarding any of these details that all the sludge will be 
removed, and hence that there is no more putrescible matter 
present. 

Removal of sludge during operation is effected either by the 
construction of the plant or by the introduction of some special 
mechanical device. Sometimes both of these means are em¬ 
ployed. 

A favorable concentration of the sludge at the bottom should 
be aimed at in the design. This end is most frequently attained 



with wells. As already mentioned, these arc almost universally 
arranged for the removal of the sludge without preliminary 
emptying. With their comparatively small dimensions it is 
usually easy to give the bottom such an inclination that the 
sludge will flow by itself toward the suction pipe of the sludge 
pump at the center. A slope of 2 :1 ; as is found in the so-called 
Dortmund tank (Fig. 10) and which is also used in England, 
suffices for all eases. A slope of less than 45 degrees, as in the 
sludge well constructed in the clarification tank at Frankfort, 
will permit a slippery sludge to slide off if submerged. .The 
angles between the vertical walls and the conical base should 
receive especial attention, as experience indicates that the sedi- 


si>:\VA(ih: si.rixii; 
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ment in the sludge settles h(‘n*. Thi ran be pu-\enfed to g, 
certain extent by rounding llie.-e eorm-iv. 

Naturally, tint degree of roughness of I bo bottom help,, deter- 
mine the tdope. In large plants ii is »ve(J •«> make experiments 
with the .sludge which comes from the sewage to In* fronted, 
unless the slopes have been determined by reliable experiment* 
with different kinds of sludge on different surface-. born which it 
slips off by its own weight.’ 

It should furthermore be noted that in euur-e of lime it sticky 
(mating is deposited on the smooth surfaces, reducing their 
(dfieioncy very eonsideraldy■ ■ especially in the cue of .mouth 
enameled or glazed surfaces and those of gltr**- ami that their 
chaining necessitates a cessation of operation. 

The coin* formed at the bottom of the weib • one■pomiiny to 
the natural slope of the earth will not suffice f.» a fn-e removid of 
the sludge. 

It has been shown by experiment;-' of .Sehoonfeider ;») I it hoi fold 
that a steeper slope is required to secure mi automatic liding of 
the sludge if removed under water than if the siipmmtfant liquid 
is first drawn off, and that special precaution, 'Imuld be taken in 
the process. Hen; it- was observed that the sludge way deposited 
in horizontal layers not of uniform thirkne.., pmnliel to the 
bottom. When tin* sludge was drawn off at the dot pest point a 
funnel was formed. After this the sludge failed t.<. iide,.-«)) hough 
having a slope of I:ii; but. this did occur immediately nftej draw¬ 
ing off the supernalanf sewage. The explanation of this i- that 
tin! difference in weight, between the sat united fudge and the 
turbid sewage above is too slight to overcome the friction of tint 
surface at tint I nit tom and of the surface in contact with the 
turbid sewage; for Mm weight of the sludge {* reduced by that of 
the displaced sewage, while in (he ease of empty tan In, the 
weight of the sludge becomes effective. The funnel mentioned 
gradually closed in again under water *«, that in a half hour it. 
was always smooth and horizontal, 

I his was confirmed by experiments m Cologne, Here the 
sludge was to be pumped from under water out of sumps having 
a slope of 1 :1, It, soon appeared that after a few minute* otdy 
water came out, which found it* way through the eompart sludge 
near, the suction strainer and carried with it onlv a few frag¬ 
ments of sludge, which it was able to dislodge. This, which in 
also confirmed by practice and experiments elsewhere, prove* 
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that the removal of sludge under water and without stirring up 
the deposited material is only practicable before the sludge is 
firmly settled in place. The composition of the sludge is of 
importance in this connection as the greasy material forms a 
light but firm mass, while sludge from septic tanks which is kept 
in motion by frequent partial removal, as in the Emscher tank, 
and, by the gases rising from it, can easily be removed during 
operation. 

In these plants, which, as is known, are a combination of 
short sedimentation tanks, with septic chambers below, the 
difference in quality between the fresh * and septic sludge is 
taken into account by giving the floor of the upper part a slope 
of 1 1/2 :1, and in the most recent structures this is covered with 
glass plates laid on reinforced concrete supports to lessen the 
friction. Such precautions are necessary in order to induce the 
settled sludge to slide down in thin layers to the lower chamber 
as soon as possible. 

As the experiments of Grimm (which led him to introduce 
sedimentation plates in the tanks) have shown, this is promoted 
by the fact that colloidal matter has a marked tendency to form 
a gelatinous coating by friction, or even by contact, with a solid 
body. This is then set in motion on the steep surface by gravity, 
and in rolling down carries with it the particles of sludge which 
are in the way. In order to convey the septic sludge, which 
fills the lower tank in a great mass,, to the sludge pipe a slope 
of 1:2 is sufficient, to which may be added a flushing pipe to be 
described later. 

The many other forms of wells which have been constructed 
in view of the particular end to be reached, and especially for 
chemical precipitation in all its different phases, more particularly 
with reference to the introduction and distribution of the sewage, 
are subject to the same principles regarding the removal of 
sludge as the Dortmund tank, given as an example. ..The same 
is true of the short, shallow tanks, having the base constructed as 
a pyramid, with sides sloping at 45 degrees or more in order to 
facilitate the removal of sludge. The advantage of this form is 
made evident by the simplicity with which the desired purpose is 
effected. 

The attempt has also been made in various ways to remove 
the sludge from the ordinary long shallow tank while in use. 

In Thorn the bottom of a tank fully 65.6 ft. (20 m.) long and 
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perhaps 20.2 ft. (X in.) wide, imvinjc sides vvilli a '•■|n|ie of l<vs 
than. 4 "> degrees was divided for litis purpose into I parts iKiy. lit 1 
by constructing saddlc-simped division a nils, iroiu tin* I»> v\ ♦ * ♦ 
point of wiiieij the sludge was led untier Witter pro•tire hi tlie 
sludge channel which was used in euiiinion lot* two iaides, 

A similar solution by (he use of hopper-shaped ! ioftonr» has 
been employed by Schocnfcldcr a,t Klberteld • i i:\ 12,, but l Indr 




dirnensioriH have I teen made quip* different for the following 
reasons: As the largest amount of elude** settle^ in the f n ,t 
quarter of, the tank, aw was observed in the ( otoyor e\p*-i imnu 
the lust hopper-shaped compartments, if t lie tank wea* composed 
of compartments of equal size, would require very mm-h Sourer 
to fill with the fine sludge than the find one.- in which the cwwt-r 
constituents were settled out. In ibis way a wpiuatinn of the 
sludge according to its composition w:h effected, Thi h 
particularly valuable because the tin** sludge, on urmniif of the 


1 It is tttkiiii from Salonum's " Ui,> StnUii : ,h. 

















TREATMENT AND UTILIZATION OF SLUDGE 41 


light weight of particles of fat, contains the most grease and 
can later be manipulated so as to separate this out, while the 
coarse sludge, on account of the small amount of grease, can be 
drained more quickly and easily. For this reason the sludge 
tank at Elberfeld is divided for the purpose of receiving these two 
kinds of sludge, without, however, any 
use being made of the device as yet. 

Another advantage is that the hoppers 
for the fine sludge can have less slope, 
on account of its greater fluidity, at 
least in the upper portion, besides being 
of smaller dimensions. Experiments 
with a model demonstrated that less 
slope was required for the concentration 
of the sludge under water, while a steeper 
one was required to avoid the formation 
of funnels while forcing it out. There¬ 
fore steeper hoppers were inserted to 
ensure a removal of the sludge. 

The easiest way to measure the height 
of the sludge in wells and tanks is by 
lowering a sheet iron plate attached in 
a horizontal position to a measuring 
chain. By the increased resistance to 
the vertical movement of such a plate 
in sludge in comparison with water one 
can determine with sufficient exactness 
the height of the sludge by reading from 
the chain. 

It is not sufficient to concentrate the 
sludge at one or more points under the 
sewage, but it must also be delivered, 
and herein lies a particular difficulty 
in the removal of sludge during oper¬ 
ation. 

The delivery of the sludge can be 
accomplished 1. by suction with pumps, vacuum receivers or 
similar apparatus in the same way as in its removal during 
suspension of operation; 2. by drawing it off by the aid of 
hydrostatic pressure, either toward a deeper channel or sludge 
well or, under pressure, through a rising main, so that it is dis- 
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charged but a little below the level of the surface of the sewage 
in the well or tank. 

The insertion of a sludge well in making use of vacuum appa¬ 
ratus is of advantage, as in this way a uniform flow of the sludge 
is procured and fluctuations of the flow resulting in the entrain¬ 
ment of larger amounts of water, as may readily occur by the 
intermittent operation of such an arrangement, may be avoided. 
Moreover, this permits observation, of the amount of water con¬ 
tained in the sludge delivered from plants to which it is adapted; 
which is otherwise only possible at the end of the rising main, 
and as this is often at some distance from the clarification plant, 
it is impracticable. 

In forcing sludge through a rising main there should be a 
difference in elevation of 2.G to 3.3 ft. (O.tt to 1.0 m.) between the 
surface of the sewage and the discharge end of the pipe with 
ordinary settled sludge. With the Emscher tank this should be 
increased to 5.0 ft. (1.5 m.). Here two flushing pipes arc pro¬ 
vided for water under pressure of which one, forming a ring, is 
perhaps at the elevation of the connection between the cylinder 
and the conical base, and, witli its orifices directed downward, 
is intended to assist the sludge in sliding down the gentle slope of 
the base. The second terminates opposite the entrance to the 
sludge pipe in a loop with three orifices directed toward the 
center. This serves as a supplementary aid and to start the 
flow in case large masses of grit should collect there. As a failure 
of such plants is usually through refusal of the sludge which 1ms 
accumulated in the pipes during a cessation of operation to flow 
after opening the valve, it is advisable to provide the sludge? pipe 
with a branch pipe from the water main, as has been done? with 
the Emscher tanks, so that the pipe may ho filled with wafer 
after each emptying of sludge and the remaining sludge? forced 
back to the tank. By means of these pipes positive action can 
be secured under difficult conditions, as the author can testify. 
The use of the two last-mention eel pipes is always well ‘where 
there is difficulty in forcing out the sludge, especially in large 
plants where there is almost always water under pressure avail¬ 
able for flushing purposes. The sludge pipe should always be 
as straight as possible, avoiding sharp curves, which cause a loss 
of pressure. 

In conveying sludge under pressure where the operation is not 
continuous, care should be taken, in starting its movements, to 
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avoid the formation of the funnels already mentioned. For 
although the water exerts a uniform pressure on the nearly 
horizontal surface, the vertical column of sewage over the pipe 
entrance will be set in motion by the sudden opening of the 
valves and will then settle and so increase the height of the 
column above. This, with the friction of the masses of sludge 
on the bottom and sides, helps'in the formation of a funnel. 

This can be effectively prevented by a device called a sludge 
cylinder (German Patent) of the Company for Sewage Purifica¬ 
tion (Berlin-Sclioeneberg), which can bo attached to their 



Kremor apparatus (Chariot!onburg) (Fig. 13). The bottom of 
the tank converges to a hopper having an inclination of less than 
GO degrees with the horizontal, and is continued as a cylinder 
2 ft. 7 1/2 in. (0,8 rn.j in diameter, in which the sludge is collected. 
The sludge pipe ends at the bottom of this cylinder,, and through 
this the sludge is removed by hydrostatic pressure. The forma¬ 
tion of funnels with the resulting discharge of sewage is not 
possible in the narrow cylinder, so the sludge, which contains 
comparatively little water in the Krerner apparatus (SO to So 
per cent.) is removed from the tank without change in its favor- 
aide composition. 
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2. Mechanical Contrivances for Removing 
Sludge During Operation 

These mechanical devices may he classified as follows: 

1. Those which, by stirring, mix the required amount of 
water with sludge that is not adapted to continuous removal, 
or at least assist in initiating its movement. 



Fig. 14. —Stirring device and skimmer in sedimentation tower in the 
lignite process, 

2. Those which collect the sludge at certain points, from 
which it may be readily conveyed. 

3. Those which, without materially affecting its settling, 
draw the sludge off from the place where it has been deposited. 

The stirring devices of the first category act in opposition to 
the principle laid down at the beginning of the section, that the 
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consistency of sludge should not be detrimentally altered in 
removal, and are therefore to be avoided as much as possible. 
They are sometimes installed later if the sludge does not flow of 
itself on account of too flat a slope in the bottom. If removal 
takes place during suspension of operation, the height of the 
stirring device above the bottom should be adjustable from 
above, so as to be always in contact with the top layer. (Wells 
at Mairich, Neustadt O.-S.). The chief occasion for their use is 
in the towers used in lignite treatment, as stirrers can only be 
used in wells or towers. They are commonly provided with a 
device for maintaining a light contact with the sludge surface 
and are kept continuously in slow motion (Fig. 14). The flush- 



Fio. 15.—Skimming apparatus and sludge tank in the Krorner apparatus. 

mg pipes with water under pressure, already mentioned, as well 
as arrangements for securing the flow of sludge by compressed 
air, should be included here. Stirring the sludge is said to pro¬ 
mote its digestion in Emscher tanks, but disturbs uniform set¬ 
tling in sedimentation tanks. 

Arrangements for concentrating sludge are based upon the 
same idea as the apparatus described for use during suspended 
operation, but the construction may be lighter as the volumes of 
sludge to be disposed of on account of more frequent removal 
are smaller and do not offer so much resistance. In an experi¬ 
mental Kremer apparatus at (Jharlottenburg a simple surface 
scraping apparatus was found serviceable in a square tank with 
a flat bottom. The apparatus (Fig. 15) consists of a scraper in 
the shape of a board which can be turned on its upper edge 



Fig. 17. —Sedimentation tank (Candy system) with rotary sludge 
discharge pipe. 


























TREATMENT AND UTILIZATION OE ELUDUE 47 


during its reverse motion. This scraper is operated by two 
vertical rods which are attached to a- small four-wheeled car 
running on rails placed over the upper edges of the tank and 
moved by hand. 

The scraper in the stirring device of t ho lignite process towers 
operates in the same way, ami for wells having a very steep base 
a scraper composed of a vortical scraping board which force's 
down the particles of sludge adhering to < lie walls may be found 
useful. The motion, which can la* transmitted by gearing, 
should be very slow in this, as in the following appnrat us, to 
avoid the format ion of dot riment a I currents. 

The patent sludge colled or of Fuller works by collecting the 
sludge by a rotary motion ami ran be installed in wells having a 
flat bottom. It is also used at Bolton in a. long red angular t ank, 
where, several such appliances arc* placed side by side. On 
account of the dead corners some supplement ary hand labor 
is required, however. As shown in Fig. id, flu* sludge gatherer 
consists of a spiral-shaped iron band which is set in mot ion bv a 
hand-operated gear and which sweeps the sludge to the center, 
from which if is drawn off by sud hm or forced out, as ill astral cd 
in the cut. Twelve large wells on this system have recently been 
installed at Bury. 

The arrangement m the third category consists of a perforated 
pipe laid close to the bottom and connected with the sludge pipe 
and into which file sludge is form! by the pressure of the wafer, 
A rubber Hcpteegee can be aft imbed to this pipe which scrapes the 
sludge from flic bottom. Fig. 17 shows such a pipe m a well of 
the (kindy system, ill is is also connected with a wall scraper. 
Motion is derived from a gear-wheel operated by ftnmk The 
same principle applied to a shallow tank U shown in Fig, 18, 
representing a plant in I icy wood. The perforated pipe is guided 
hen* by two rack rails into which the pinions conveying the 
motion engage. The sludge U here raised up by a siphon over 
the side wall and into a channel which is common to two tanks, 

A pressure of 4 ft, (0.1)0 an) is sufficient * The siphon is started 
by cuffing out- the upper part by the valve* a and h which is (hen 
charged wiffi a pump operated from the name platform as the 
moving machinery. I In* horimutf at stud ion pipe Is provided 
with a rubber squeegee, A disadvantage in this form is flint 
important moving purls of flic machine are submerged, 

i hese contrivances for removing sludge require for reliable 
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operation a liquid, easily flawing sludge and must, therefore be 
cleaned out every day, or at least every two days. The sludge 
obtained contains about 97 per cent, of moisture, as the turbid 
sewage finds its way to the entrance more readily than the sludge 
is drawn off from the bottom. With a pipe which rotates about 
a central axis it follows that the motion is slower near the center 
of the tank, while the friction is reduced on account of the short 
length of the pipe; therefore more sewage is taken in hero. As 
this sludge, with 97 per cent, of moisture, has twice the volume 
of that with 94 to 95 per cent, in the Dortmund tank when in 
operation, with the same amount of dried matter, the use of this 
method of collecting sludge is seldom to be recommended. 
Besides, with a larger proportion of mineral matter, as often 



occurs after a thunder storm, the operation is more difliruli and 
uncertain. In the Fidler system this is not the esse. As sludge 
containing less water is secured here, while its delivery remains 
the same, this should have the decided preference. 

While the aim of all those structural or mechanical arrange¬ 
ments for removing sludge during operation is to collect Hh* 
material in clarification tanks, or at least to draw it from these 
directly, there are some which enclose it in a special chamber or 
compartment without removal of the supernatant sewage, the 
intention being to prevent subsequent admission of the turbid 
sewage and its mixture with the sludge and to secure tin* latter 
as free as possible from moisture. 

It is well to consider here the introduction of a partition wall 
with a valve (sluice gate) leading into the sludge chamber which 
has been found valuable in the Ivrenter apparatus at Charlotten- 
burg (Fig. 15) and lias also been used in similar plants by the 
Sewage Purification Company. Tins permits a discharge of the 
accumulated sludge with no fear that the turbid sewage will pass 
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out with it. Tiie sludge can be drawn off from here, in which 
case a pipe for'the admission of air should be inserted from the 
sludge tank to above the surface of the sewage, or it may be 
forced out by the introduction of compressed air. 

Grimm ((frswruJhcitN Imjnn'nrVj 1909) attempts to apply the 
foregoing principle to shallow tanks in a somewhat different 
way. The bottom is divided into hoppers 10.70 sq. ft. (1 sq. in.) 
in area with side* slopes of *15 degrees, from whose lower points 
vortical pipes haul, each row of which is connected by a trans¬ 
verse pipe (Fig. 19). The sludge slides into these pipes, which 
have a diameter of 5.9 to 5.9 in. (10 to 15 cun.) and may increase 
in size; at the bottom, and its separation is facilitated by hoods or 
platens, according to Travis’ theory, through which the water is 



forced out. The height of the* accumulated sludge ran ho 
observed for each t ransverse row of hoppers in a glass stand pipe 
connected with 1 he sludge pipe* at t he traverseable sludge pas¬ 
sage-way. 1 When t he depth is sufficient, the tops of these 
sludge pipes are elosod by plugs carrying an air pipe* reaching 
above the surface* of the* sewage and rendered accessible by a 
movable foot, bridge. When t he valve* of t he* sludge* pipe at 
the? passages way is opened, the* sludge* is discharged by gravity 
or suction, while air enters by means of t he; aforesaid air pipe*s 
through the* plug: valves. When the* sludge* is drawn out, and the 
gate valve* dosed the* pipes will fill again with turbid se*wa,ge* by 
opening the plug valves ami are* them re*ady to re*ceive* sludge 
one*e more*. By this arrangeuiienl, if the* plug valves arc tight 
enough, the* subsequent entrance* of turbid sc*wage* is preveuitod; 
that is, a. dry sludge* i>: secured by allowing: it to aceuiinulafc* in 
a thick layer. By providing a steep slope* in the* cross pipc\s Urn 

1 In Use tllfiwien wall fliii fttiifw. TrttiiM. 

i 
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flow will be facilitated.. In order to realize all advantages, 
.however, this plant requires conscientious superihtendence. 

A company for the purification of water and sewage at Neu- 
s ^\ u a * ^ ^ aS a P a ^ en ^ e( i device called a sewage preparer 
which prevents the sludge, that has accumulated in the sludge 
channel of a short tank having steep slopes on each side, from 
passing through the tank with the current, by a series of hori¬ 
zontal shutters operated from above. This is said to reduce 
the friction in continuous treatment and facilitate sliding. If 
the shutters are laid flat they shut off the sludge channel on the 
side of the tank, leaving an entrance only at the upper end. By 
opening the gate valve sludge will be forced out of the channel 
by ^ the pressure of the sewage above, as though from a-tube. 
It is doubtful,^ however, whether the shutters in the lower part 
of the sludge-filled tank can be closed tightly enough to prevent 
the turbid sewage from mixing with the sludge in large quan¬ 
tities, especially in the neighborhood of the outlet, as the moving 
parts are mainly under water and cannot be constantly watched. 

C '* CONTRIVANCES AND CONDUITS FOR CONVEYING Sl/TOGE ’ 

Various contrivances have been employed to remove the grit 
from clarification tanks in case the sludge cannot be forced out 
by the pressure of the sewage above. These are: 

1. Dredges. 

2. Pumps. 

3. Vacuum apparatus. 

4. Various other contrivances. 

1. As already remarked, dredges are chiefly used to clean out 
giit chambeis. The transport of the material in large plants 
is often accomplished by belt conveyors. 

Dredges should not be used to remove sludge from clarification 
tanks, especially during operation, as a thorough cleaning with 
them is not possible. It is also better to use other contrivances 
in sludge wells, on account of the dirtiness of the operation. 

2. In using piston pumps the great difficulty encountered is to 
keep them water-tight, as they soon become worn out by the 
sand brought in. The valves, also, often interrupt operation 
and should therefore be placed where they are readily accessible. 
Hence it is an advantage to have a good grit chamber for the 
protection of the pumps. It is also to be noticed that in very 
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sandy sludge the suction lift is reduced, so that pumps and 
vacuum apparatus must he placed lower. Coarse liar screens 
are also necessary with all kinds of pumps, to prevent pieces of 
wood or other coarse material from injuring the pumps. If (hose 
coarse screens are placed in (he lank in front of the sludge 
channel or sump, as at Mannheim or Munich-Cladbach, (he 
amount of the screenings will be less, because much of it, especi¬ 
ally lumps of fecal matter, disintegrate in the tank; Imt their 
removal from the bottom is less cleanly and more troublesome. 
It is advisable to install a sludge well whore the sludge is not, 
removed during continuous treatment, ns the [jumping plant 
may then be made smaller without- increasing the time of re 
moval. With a very viscous sludge it is of advantage to have a, 
stirring device operated in connection with the pump. 

Diaphragm pumps, such as those furnished by Hupp and 
Reuther of Mannheim for the clarification plant, at Hanover, are 
superior to ordinary piston pumps ami arc also much used else¬ 
where. Here the [liston works in clean water, which conveys 
the pressure through diaphragms to the sludge which in to be 
delivered. 

Centrifugal pumps are also well adapted to the transport of 
sludge, but it, is important that the impeller should be accessible. 
With sandy sludge then* is a great amount of wear on the (lacking 
rings. "I hey are particularly serviceable in 'pumping roily water 
because of their simple design, especially when operated by elec¬ 
tricity, By means of connecting pipes they can also be used for 
reserve power in pumping sludge. 

For small plants and as a reserve in those where sludge is 
propelled bv hydrostatic pressure, the well-known diaphragm 
pumps are very useful. 

A. W ith a vacuum append us it, is well to connect two receivers, 
so that the air drawn from one will serve to force the sludge front 
the other, which was previously filled. The air pump must 
therefore lie arranged to act ns a vacuum and force pump. 
The operation of the valves is then automatic. To prevent, the 
sludge from running info the air pump a U-shaped pipe simtdd 
be inserted between if and the receiver, the top of which should 
be at least, '.i'A ft. (10 m.) above the highest level of the sludge. 
Vacuum receivers are especially necessary when*, from absence 
of grit chambers and screens, much coarse material is mixed with 
the sludge. They may also be used to propel the sludge for 







long distance*. In Oppeln t h<* sludge is forced IUUH) ft. (I I no m.) 
in a pipe; 12 in. (100 mm.) in diatnet< t. They, however, ucrtipv 
more; space than pumps. 

The patent Wegner vacuum wagon works on f he same* principle 
as the vacuum receive*! 1 , Hen*, in a. portable receiver nfiich 
can be used to transport the sludge*, the air is ranked by ex¬ 
ploding benzine, causing the sludge* to Ik* sucked in. did;*, 
apparatus is especially recommended for use with very small 
plants where, because of the proximity to improved properl v 
or public works, it is desirable to have an odorless, removal of 
the sludge; without the necessity of const met ing a, ,-prciul plant 
for pumping if. As tin; receiver can be brought to any tank or 
well, the; cost of sludge; pipe** is saved. The removal is also odor¬ 
less. This mode; of operation has beam funnel very satisfaet e*rv 
at Merseburg, in some; eases tin* pneumatic apparatus used for 
cesspool (deaning can lx* used in t he same* way. 

4. The steam ejector, among other contrivances, should be 
mentioned next. This has not, been found useful in cleaning 
grit chambers on account of the consistency of the delrifus. 
This difficulty might not hold in I he case of the liquid Imho* 
from tanks, but 1 he disadvantage of the large eom*ttmpiion of 
steam outweighs the; advantage; due to its simple* const ruction 
and the small amount of room taken up. In sewerage systems 
in which the; sewage is lifted by compressed ttir I heir use ?nay be 
considered. 

In the; recently installed plant at Siegen an effort was marie to 
convey the; detritus of the grit chamber which Iters at a high 
elevation, by means of a horizontal spiral screw delivering Into 
a tip car at the outlet end, without, interrupting opera! ion of f he 

plant, but as yet, without success. 

liability to stoppage, and should, therefore, not be endoid ht 
masonry for any great length. If, should, moreover, be possible 
to produce a strong scouring current by water pressure or by the 
aid of sludge-propelling device**. Home times art open travemttble 
channel between the tanks, In which the* pipes are* laid f KlbcrfeJd) 

plant at Ouben and Olmlruf), serves as a sludge* channel, dins 
has the* advantage, whore sludge* is removed during opera lion, 
that one can sen; the* amount of water removed as seam as it 
comes out and act accordingly. The* advanf age* of f he* possibility 
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of using a pipe which opens into the sludge-well as a siphon to 
produce suction is, however, lost. 

The open channels to convey the sludge to the drying beds, 
which are intended to be used in the day time, should have the 
maximum hydraulic radius in order to reduce the friction. 

The inclination which should be given pipes and channels to 
secure a flow of sludge without assistance depends upon its 
nature and should not be too light. Very liquid sludge, with 
about 95 per cent, of water and but little sand, may under some 
circumstances be given a slope of 1:100, but 1:80 is better. 
For sludge obtained with interrupted operation a fall of 1:40 
to 1:50 is necessary. The plants of the Emscher Association 
have grades of 1:20 to 1:40, while the pipe conduits at Elber- 
feld have 1:30. 

Enclosed pipes are always preferable to open channels for 
hygienic reasons, especially for long distances. Moreover, the 
sludge is more readily moved and deposits of sludge can be more 
easily flushed out. 

The valves in the sludge pipes should be strong and simple. 
Those which have a bearing on one side only should have the 
operating screw on the outer side engaging in a rack on one side 
only. Valves in pipes should be designed without a bottom 
groove, and should bear on the narrow edges of the disc in order 
to prevent an accumulation of coarse material which would 
prevent the valve from closing. 





CHAPTER IV 

Reduction op the Water in Sludge 

The large amount of water in sludge is a drawback to its use in 
any way and reduces its value on account of the work involved in 
its reduction. If it is used while wet the valueless water it con¬ 
tains limits the area to which it can be applied, on account of the 
increased cost of transportation. Moreover, this liquid condi¬ 
tion adds to the difficulty of transportation, as this can only 
be accomplished in water-tight vessels, and temporary storage 
in the field is impracticable without much preparation and 
apparatus. 

With perhaps 75 per cent, of moisture it can be loaded with a 
shovel and does not require a perfectly water-tight vessel. 
With 60 per cent, of moisture it is quite firm and resembles damp 
garden mould. It should therefore be reduced to this condition. 

Fig. 20 shows at a glance the relation between the amount of 
water removed and the consequent reduction of volume. The 
curves represent sludge of different degrees of original moisture, 
volumes in per cent, of that from which the water has not been 
extracted being represented by ordinates, while the abscissas 
represent the degree of de-watering in percentage of moisture 
contained in the whole. The horizontal line limits the volume 
of the dried residue, which remains constant. The distance of 
the curve from this line gives the. amount of water contained in 
the sludge. 

It can be seen here how much water should be removed to 
reduce the amount in a wet sludge by 10 per cent, and how the 
quantity of water necessary to reduce the moisture to a given 
percentage rapidly diminishes. For example, from 100 lbs. of 
sludge containing 90 per cent, of water (Fig. 20) 50 lbs. of water 
must be removed to reduce it to 80 per cent., while reducing the 
same original volume from 60 to 50 per cent, requires the removal 
of but 5 lbs., and from 30 to 20 per cent, only 1.8 lbs. 

A comparison of the different curves shows by the steep slope 
on the right hand side—that is, at the commencement of de~ 
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watering—how important it is for subsequent drying and* treat¬ 
ment in general to have the sludge as dry as possible from the 
beginning; for the increase in the water content of the sludge 
corresponding to an increase of, say, 5 per cent, of moisture, 
has a varied effect, according, as we obtain a sludge containing 
80 per cent, instead of 75 per cent, or sludge of 95 per cent, 
instead of 90 per cent, moisture. This is also of importance in 
considering the arrangements for treating the sludge described 
in the last section. 



Amount of Wafer in the Mass after the Watering. 

{ 95% -- 

90% -- 

80% —- 

60%- 

Fia. 20.—Reduction of volume in sludge with extraction of water. 


On the other hand, it is recognized that drying beyond 50 per 
cent., at least with the very wet sludge from tanks, has but a 
slight effect on the reduction of volume, and for this reason alone 
further de-watering is not warranted. 

For example, sludge originally containing 95 per cent, of water 
has, when dried to 60 per cent., but 1/8 of the original volume, 
and so the cost of transportation is correspondingly lessened, 
and the extent of its use as a fertilizer is increased, as the amount 
of dried material, which alone is of value, remains unaltered. 

The following requirements should be observed in the process 
of de-watering: 

1. The drying should not involve too great an expense, so that 
the expected increase in value of the product is not lessened. 
This may be accomplished by removing the water, by incinerar- 
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tion, foi instance, thus facilitating its transportation and a more 
rational utilization. 

2. It should be effected rapidly, especially when done at the 
plant or in the neighborhood of habitations, in order to avoid 
accumulations of filth. 

3. The operation should produce no nuisance in the neighbor¬ 
hood from foul odors or otherwise. 

4. Handling of the sludge by workmen should be avoided, for 

reasons already stated. * 

The methods of removing the water are as follows: 

a. Drying in the air. 

b. Drying by filter presser. 

o. Drying by centrifugal machines. 

d. Other methods of reducing the moisture. 

a. Drying in the Air 

Drying in the air is the process most commonly employed, 
especially with small plants. For this purpose the sludge is 
conducted into shallow basins. These are surrounded by earthen 
embankments or, less frequently, by slope paving, wooden sides 
or solid walls. The drying is effected in part by evaporation of 
the water and partly by its drainage into the underlying soil. 

If this is porous, subdrainage at a depth of about 2.3 ft. (0.7 
m.) with a small distance between the separate lines of pipe is 
sufficient. Sometimes even this is unnecessary. In some cases 
however, an artificial construction of the bottom, similar to a 
filter, is necessary, as with the natural subsoil the accumulation of 
sludge increases, so that it becomes necessary to remove and 
renew it. The depth of such a filter is usually 15 to 24 in. (40 to 
60 cm.). The drainage channels, about 4 to 6 in. (10 to 15 cm.) 
wide, are laid with open joints at a distance of from 4 to 10 ft. 
(1.2 to 3.0 m.) apart and are covered to a depth of 12 to 16 in. 
(30 to 40 cm.) with cinders from boilers, pebbles or coarse gravel. 
A thick covering of fine cinders or screened gravel [2 to 4 in. 
(5 to 10 mm.) in size] follows this, 4 to 6 in. (10 to 15 cm.) in 
depth. This layer is to prevent the sludge from penetrating 
further into the filter. As the topmost layer becomes choked 
with sludge and portions of it are carried off with the dried sludge, 
it has to be renewed from time to time. To prevent this the bed 
may be covered with heavy stone paving, or, as at Leipzig, with 
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a, layer of bricks. The joints arc then merely filled with sand 
As all the wafer drains through these comparaf ively narrow 
spaces they soon become closed with sludge, and the (*ntin 
pavement must be taken up and renewed. 

The liquid drained off, which is usually somewhat, turbid 
owing to particles of sludgy, and also putreseibhq may be led If 
the intake of the clarification plant and treated again. As tin 
volume is comparativeiy small, it does riot alter to any great 
extent the sewage to be trented. In many cases this is impoe 
sible without long conduits or even devices for lift inn. it, espe 
(dally where the sludge is removed by hydrostatic pressure and 
brought by gravity in open conduits to the drying bed. In t hi; 
case a small supplement ary tank for subsequent sedimental ion 
or a filter (Klberfeldj for fhe sludge liquor is advisable. If the 
sewage is subjeeted to subsequent purification by contact beds 
or sprinkling filters the sludge liquor can rereive further treat¬ 
ment there. 

The liquor from drying beds after septic treatment requires 
no further treat merit and may be led direct ]y to t he outfall, being 
odorless, chair and nonput rescible, as shown by t he plant,- of the 
Emscher Association. By this method most of the wafer , epa 
rates out in the first 12 hours and the sludge floats on account of 
the expansion of the contained gases, while a layer of clear water 
is formed underneath. The water should be drained through 
the filter as quickly as possible, for after the gas has been given 
off, at the end of lo or 20 hours, the sludge sinks, due to its 
specific gravity, and the water rises over it. The same pfiennim 
enon is observed in the deep sludge pit at beip/Jg, except that 
here the wafer is not drained off from below, but L. allowed to 
evaporate after it I ms risen above tin* sludge. 

With very greasy sludge it jh sometimes impossible to draw 
off the water at the; bottom, as at 1* rankforf mod he Main nod 
Mannheim, as the particles of settled sludgy form an impenet ruble 
layer. i he small amount ol water on top can then only bit 
diaiued off in as many places ns possible through openings in the 
surrounding walls, which mm becloud. 

if fresh sludge is discharged on top of beds of partly dried 
sludge, as can scarcely be avoided where flu* sludge is .seldom 
cleaned out, it will dry more slowly on account of tin* heavier 
liquid beneath. The boundaries of the basins can be wholly or 
partially made of a sort of woven brush-work* thus obtaining & 
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lateral removal of the water through these boundaries (Fiber- 
fold, Halberstadt). Nevertheless, the e(limey of this mode of 
draining the sludge is greatly diminished by the tart that- the 
rapid delivery of the water through tin* brush and the intluenee 
of the air in drying the aeoumulation of deposited matter at the 
sides soon make a nearly impervious layer, bemuse the moisture 
does not come rapidly enough from the interior. At iinlher- 
stadt, therefore, it is not considered advisable to retain this 
device. 

At Bremen the basins were subdivided for this purpose by 
perforated planks, between which narrow passages were left for 
drawing off the liquid that leaked through and for removing the 
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dried sludge; but this device was removed because the sludge 
found its way through the holes, making its handling more 
uncleanly, without resulting in a more rapid drying. 

If this is to be accomplished tin*, sludge should be brought 
into the basin in thin layers, (> to 10 in. (15 to 25 cm.) in thickness, 
and the basin should be filled as rapidly as possible, in order 
that the free removal of the water at the bottom may not be 
made more difficult by sludge which has had its moisture drained 
off. Small, shallow tanks are therefore to be preferred. These 
can be economically provided in small installations by construct¬ 
ing a border of planks placed on edge. In this way Out excess 
area required by earthen embankments is utilized. (See Fig. 2k) 
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In the cut, which shows the plant o{ t ho Pinscher Assorial ion at 
Recklinghausen, flit* sludge running into an empty comparl m«*nt. 
may be plainly seen on the right. The sludge is forced out by 
hydrostatic pressure from (> Pinscher tanks lying beyond, In 
order to maintain a uniform depth of the layers the bottom 
should be made horizontal, as the sludge, due to its fluid, nature, 
assumes a horizontal position. 

A disadvantage of plants with small, shallow basins lies in the 
greater cost of removing the dried sludge, as this comes in thin 
layers and necessitates frequent re-location o{ the rail 1 for 
transportation, unless these art* laid on an elevated fre;4h% as at 
Recklinghausen. This is obviated by the use of wheelbarrows. 

In selecting a location for tin* drying beds care should be taken 
that, with a porous soil, there an* no walls in the vicinity that 
can bo contaminated by infiltration. 

K,special care should also be taken with reference to odors and 
the plague of flies. These nuisances have again and again led to 
at tempts to replace the (‘heap nag bod of drying; in the air by 
others, even t hough more expensive. 

As partial deromposif ion accompanies the opera! ion of drvirrg 
the foul odors caused by gases arising from the . bulge, e,-penally 
in the summer, give much discomfort to persons working, or 
living near the plank It may even result in lowering, the value 
of land in the vicinity and cause great expense for imlentnihca 
tion. Likewise the plague of flies is very troublesome in the 
neighborhood, as the fermenting sludge offers an admirable 
breeding place for all kinds of flies and gnats. 

An attempt has been made to prevent this nuisance by lidding 
some substance to the sludge. Hindi substances arc either in 
tended to stop putrefaction or else to form a cover to tin* sludge. 

In Cassel, for example, as well as in other places, lime has been 
successfully added to the sludge in the basins and uf the outlet 
in the proportion of fi,K lbs. per cubic yard C f kg. per ebon), The 
nuisance of flies is done away with in this way, hut, tit the same 
time, the fertilizing quality of the sludge is reduced. In Prank- 
fort~on~the-Muin, however, the* addition of quick lime* and chloride 
of lime has not had the desired result. 

Peat is found particularly desirable ns a cowering, and fdsn to 
prevent odors, besides aiding the process of drying by absorption 
of the water. If is used in many places, especially where if is 
cheap. In order to prevent putrefaction if should la* intimately 
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mixed with the sludge in large quantities. This is not prac 
ticable, however, for economic; and hygienic reasons. 

The use of manufactured deodorants, of which there arc 
several, is more desirable. 

Among* these “facilol,” made by the tar product, factory 
“ Biebrich” at Biebrich has been found effective. If is a thin, 
brownish, light oil with a specific gravity of 0.70. It form-, a 
coherent film of oil when placed upon wafer, which closes imme¬ 
diately if broken by gas bubbles or sudden currents, preventing 
the escape, of odors. About 28 per coni, of facilol is composed of 
soluble substances of the phenol group, the; effect of which is to 
prevent putrefaction in sludge and sludge liquor, din; eggs and 
larvse of insects are also killed by it, while, at tin; satin* time, tin* 
covering prevents the installs themselves from obtaining their 
food. 

The facilol is sprayed upon the*; surface of tin* sludge Immedi¬ 
ately after its entrance into the basins by a spraying device. 
The film of facilol is maintained intact by subsequent spraying 
at long intervals. According to information furnished at Frank¬ 
fort 0.11 to 0.18 gallons of facilol per square yard (O.o to 0,8 1 
per sq. in.) of surface will suffice. The price is about 82.Id pet- 
100 lbs. (20 m. per .100 kg.). This mode of deodorizing, there¬ 
fore, though efficient, is rather expensive. 

As the intensity of the odors increases with tin; area exposed it 
might be well to put,, the sludge to be dried in as deep pits as 
possible whose bottoms have been drained, and this has, m fact, 
been tried. The crust of dried sludge; which forms at the; top 
prevents the evaporation which assists to a considerable extent 
in the reduction of water. Openings in the; crust permit tin* air 
to enter but a short distance;. In consequence, the process of 
drying and also the nuisance of foul odors, which cannot be 
prevented by subsequent treatment with lime or peat, last for 
years. 

Only when natural pits exist, as at Leipzig, in the shape of an 
old river bed, and then at some remote point, can this method of 
drying be used. Moreover, the difficulty of conveying the de¬ 
watered sludge partly offsets any saving consequent to dispens¬ 
ing with an artificial drying place. 

Odors and the nuisance of flies may be considerably diminished 
by the means above mentioned so that: tin; conditions are more 
tolerable for the employees at the plant. 
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In general, however, it is preferable to remove the drying place 
from the plant- when the neighboring land is occupied, unless a 
method to bo deseribod later be adopted, and In so lonitf il I hat 
it will not be a nuisance to the neighborhood. Land of little 
value can be used for this purpose and may be comv.pondingh 
extensive. Sludge conduits b()0() ft. (1 km.) or morn in length 
have been used for this purpose in ( iennany. Closed pip**.;should 
be used preferably. In selecting a, place I he prevailing wind 
should bo considered—t hat it e loess not blow from I he drying bed < 
toward built-up areas. 

Drying beds for septie tanks do not retpiir(* the same re. trie 
tions, as tlmre air no odors where* the shelve is propi*rL dim* led. 

The time required for drying, and consequently, to a certain 
extent, the size of the sludge* beds, depends: 

L On the composit ion of I he* sludge*, 

2. On the ehara<*t<*r of t he seal or the e*onst met iem of t he hot font 
of tin* hasin. 

2. On Urn atmospheric condbion,-. 

*1. On the* nu*thod of ope*rat i<m eh' I h<* shnho* ba in. 

The composit iem of t lu* sludge, and in part icuhu* lie* a mm inf of 
moisture contained, de-iermiue* to a groat d<**o **<* the* hmgf It of 
time necessary for < Irving, For example, 1 ,A cit. ye Is. (1 cbm. } 
of sludge containing 0f> per cent. moisture mush have IttH galloua 
(750 1.) of the water removed before obtaining sludge with Ml 
per cent, moisture, as is found with septic tanks, A fine, grem-y 
sludge gives up its moisture less readily, ami under some rheum 
stances is very difficult to dry; while a thinner ami leva comped 
sludge* has the* opposite clmractcrisf ic ami gives up it a nmht m r 
easily. The granular, fluid septic* tank sludge, us well a a tlenf 
from lignite! I read ment, lias this favorable qualify. The * I# * 
posited siueige from the Kremer apparatus is easily fie-wiiteied 
as it contains so little grease, 

A basin with a porous base* may be of hem size than if compart. 

If the bottom does not promise* free pcrrolnlion it should lie 
arranged as an artificial filter. Cure should then lift taken to 
(‘lean or renew the revering layer frequently, 

As evaporation has a marked effect mi the drying, fhh taker* 
place more rapidly in summer, A sunny or windy local ion 0 
also favorable fo drying, 

To secure the* best, results drying should take place quickly 
on an ample area. The sludge should therefore tie diMrilmfed in 
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thin layers—about 0 to 10 in. (15 to 25 cm.). A rapid loss o| 
water through the subsoil occurs, and the (Tacks caused by drying, 
plainly seen in Fig. 21, permit the air to pass to the underlying 
strata. Sludge shrinks in drying to from 2 to 3 to 1 to 2 its 
original volume. A fresh layer can then bo admitted on the 
dried layer. 

Sometimes the sludge is dried directly in the settling tanks. 
These must then be thrown, out of service for some time, as by 
this method evaporation does most of the work. The time used 
for drying lignite sludge in this way at Popenick is from 5 to I 
weeks. There is a project for the adoption of a similar method a! 
Neustrelitz (“Mitteilung d. Kgl. Pruf. Anstalt,” VoL VIj. 1 he 
size of the necessary basins prevents its use whore these an* Iked 
or where there is insullicient land. Special beds for this purpose* 
are always desirable' on account, of the* greater rapidity of drying. 

Different intervals are required for drying, depending upon f he 
different conditions mentioned above. As already slated, the 
septic tank combines the most favorable of these conditions. 
The length of time required for drying by tin* Kmscher Associa¬ 
tion, c.(j. } averagers 5 days—with favorable weather only one or 
two days. Sludge taken from the septic tanks at IlalberMadt at 
intervals of about S weeks requires 11 days for drying in good 
weather. In both, case's it is received in thin layers. In cont rnM> 
to these are those plants where sludge is delivered to the* sludge 
basin to a depth e>f 2.3 le> 3.3 ft. (0.7 to 1.0 m.j. The process of 
drying here usually lakes from 0 to 9 months. 

In general, normal settled sludger with about 90 percent, water, 
requires some 6 or 8 weeks in summer and (> months in cold 
weather. 

The size of sludge basins can be estimated from the amount 
accumulated daily and its average, time, for drying, allowing a 
certain time for the removal of the dried material. Both factors 
are subject to great variation with different processes and plants 
for reasons already given, so that an estimate based upon these 
figures would have no practical value. Ah a guide for the area 
required for drying, the following table, showing the size at 
different plants, is given; for a great nuisance may result, as lias 
been shown by examples, where these are made too small, while 
too large ah allowance results in too great a cost, especially in 
the neighborhood of high-priced city property. 
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Rochdale,.....,. 0.22 .. 0.18 0.09 ..j 0.15 ! Sedimentation and septic tanks. 
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The size of drying beds is governed by the amount <<f shtdae 
which accumulates during the time required for drying, tin* 
reasons for this time being given. 

There is a great difference, therefore, between the size required 
for plain sedimentation and that required (or septic treatment. 
Imhoff gives in Vol. VII of “Mitteilung der Kgl. Versiieltsstn- 
stalt” the following rules for size, bused upon his observations: 

Tor septic tank sludge 275 sip yds. per cubic yard i.'.OU qtu. 
per cbm.) daily of sludge received, and therefore lor an amount, 

, , /o.d y:ioo 

of .0004 cu. yds. (0.2 1.) per eaptfadmly, 0. 12 sq. yds. [ 1(((t() 


about 0.1 qm.) per capita. 

For sludge from pltiin scdinnuitatinn 45N sip yds. per cubic yard 
(500 qm. per cbm.) daily of sludge reeeived, tind therelore with 
.0016 cu. yd. (1.21.) of sludge per capita, daily, 0.72 sq. yds. 


/ 1.2X500 .... N 

V 1000 =IM ' 

The latter values agree with the table, while the* former appear 
too high, so that wilh septic sludge* about IS,*> sq. yrIs. of drying 
surface will lx* necessary for 1 cu. yi b of sludge per day (200 qm. 

per cbm.) and 0.072 sq. yds. (° ^7,°° °- u 0 qm.t per capita. 


This shows clearly the advantage of septic tanks as compared 
with plain sedimentation, both on account of the smaller amount 
of water contained and the smaller amount to be evaporated. 

The values in the table naturally indicate marked ditto names 
in different cities. This is due in part, to tin* different met hods 
of treatment and handling and partly to tin* fact that the oper¬ 
ation of drying beds where spare is limited must be much more 
intensive than where tin* opposite conditions obtain, in which 
case the sludge remains longer than necessary, until it i* con 
venient for the farmers to remove it. 

An estimate of the size of sludge* lagoons bused upon the daily 
flow of sewage would result in yet greater differences and is 
therefore not given. 


6. Dim no by Fn/rat Pubhhbh 

De-watering sludge by filter presses was first, t Hed m Knglaml 
about 30 years ago, and was soon in general use t hen*. The 
large volumes of sludge which resulted from chemical precipita- 
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tkm, then in general use, and t he odors inmi these plants which 
were especially unpleasant in thickly populated districts, led to 
a rapid spread of this met hod of drying. In default ol other 
methods its disadvantages were willingly overlooked. 

In (Jennnnv, also, sludge 4 presses are 4 fomul almost exclusively 
in plants where chemical precipitation is or has been employed, 
except in the lignite 4 process, which should b< 4 included here. 

Kitten presses <*<>iisist of a large 4 number of thin cells, mualK 
about 2.3 to 4/4 ft. (0.7 to I m.) square 4 and 2 in. (t).0o ni.) thick. 
According to the 4 design of the* separate 4 parts vvhledi compose 4 
these cedis limy are 4 e*alh‘d ce 4 Jl presse 4 s or 1 none presses, In flu* 
former the partit ion plate 4 be i t ween t vve> c<‘lls is provided on each 
side with rims project ing about 2 in. (o cm J (h ig. 24) so that the* 
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Fic§. 22. Fill, 23, 

Fmenc IVII j «•«*<«». 

edge of aeljac< 4 nt platen ley coming In contact form a hollow spare 
between, In the 4 frame 4 presses these plates are of uniform thick 
ness (a) and to form the 4 ceils a frame is Inserted between two 
plates (b). This forms, at the* sumo time, the narrow walls 
of the cedi (Fig. 22). These plates or partitions in the cell proM 
are 4 provided with numerous grooves opening below into a 
horizontal hole (v) which serves sis a elmimel for I lit 1 liquor 
pressed out. Over these plates are placed sieves, and over f hew* 
filter cloths am stretched, or possibly the latter only (d) are 
provides!, ho that in filling the cells with sludge the surplus water 
will pass through tin 4 cloth and run down the partition plates in 
the grooves. It then leaves the press through the duets leg 
The separate plates are supported by Intend projection j on 
horizontal bars and are pushed together by hand* The water* 
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tight contact is then accomplished by moans of a, screw nr by the 
plunger of a hydraulic press. The influent channel (e,| lie> either 
in the upper edge or the middle o{ the plate. In the former 
case, the sludge can he introduced at several points by flexible 
pipes, while in the latter it must be done at the middle of the 
front plate. 

In frame presses the filter cloths are simply hung over the 
entire frame so that they cover both sides and are clamped at 
the edge by tin? adjacent frame. In cell presses, on the con¬ 
trary, the edges of the cloths laid in the recess bet ween the plate, 
must be made water-tight in a special way. The filter cloths 
are rapidly destroyed by rotting, which is most active at I he 
top of the solid plates, as the* damp cloths are here id way. in 
contact with the air. Saturation with far at this place pro. 
longs their life, which is generally about 1 weeks. 

The frames may be made of iron or wood. The latter b 
preferable for sludge presses, as iron rusts easily from acid, that 
may occur in the sludge. The number of platen varim , but 
50, each, of plates and frames would lx? the maximum. 

The delivery of the sludge and the necessary pressure of .*> in s 
atmospheres for pressing can be provided by a el mice pump or 
compressed air. The sludge* pump can work directly on the 
press, as e.y., at Halle. A relief valve must, then be inserted in 
the sludge press pipe which permits the surplus slml.ee to pa - 
off from a fairly full press, where, therefore, only a small amount 
of sludge, as compared with the volume of the liquor drained 
out, can be received. This surplus sludge, as well a> I hat remain 
ing in the pipe after filling, then flows into a special Hudge well 
and is the first to be pumped out (adore refilling, Dunne the 
emptying of the* press, which lasts from 10 to 00 iibnnfw* the 
delivery of sludge from the well must cease. 

Otherwise we may provide a sludge receiver (Spiuidiuti, 
which is filled by the sludge* pump while* discharge takes place 
by air pressure. The sludge receiver earn be filled by uni ion 
and the contents them forced out into the press by air premuie. 
This method permits uninterrupted operation by im tailing two 
receivers, side by side, as already described for propelling sludge. 
The* presses can be operated to greater advantage by the me of 
sludge receivers. Therefore this method is always fo be pre¬ 
ferred for large volumes of sludge to the slower method of filling 
the presses with a pump. The employment of a stirring device, 
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particularly with long, extended receivers, is not desirable or 
necessary; as it is impossible to support the shaft properly by 
means of intermediate bearings. 

To empty the presses [which yield an average of about 2.6 
cu. yds. (2 cbm.) of sludge cake for each filling] the frames are 
pushed apart. The sludge then drops into a tip-car placed 
below, or into a channel. The contained moisture is reduced to 
about 50 or 60 per cent. Further drying in the air should be 
given the sludge in covered chambers, .as otherwise it decom¬ 
poses, especially in wet weather. If allowed to lie for any 
length of time in the open it is well to cover it with a layer of 
earth or sod to prevent objectionable odors. 

Emptying presses is a dirty operation, and in summer, espe¬ 
cially, it produces very foul odors which can only be prevented 
by thorough ventilation of the press chambers. Water under 
pressure is absolutely necessary for rinsing purposes. Some¬ 
times the filled presses are allowed to stand several hours after 
filling, even 12 hours in Oberschoenenweide, to give more con¬ 
sistency to the sludge. 

As settled sludge is never very firm, the advantage in chamber 
presses that the contents fall out when they are opened, while 
frame presses require subsequent cleansing by hand, is offset 
by the difficulty in fastening the filter cloths. Frame presses 
are therefore to be preferred for pressing sludge. 

The liquor drained from the press is very putrescible, and to 
be clarified should be brought to the influent conduit again or 
should be used in irrigation. 

Sludge from domestic sources that has been obtained by 
mechanical processes cannot be pressed. A large part of the 
finest particles of this very watery sludge passes through the 
filter cloths, robbing the sludge cakes which remain behind of 
their binding medium, so that when the press is opened, the 
sludge is found in an incoherent mass. Greasy or slimy sludge 
may also prevent pressing by clogging the cloths. Sludge from 
septic tanks, on the contrary, can often be pressed without any 
further treatment, if it has not lain too long in the tank. The 
same is true of sludge from the lignite process, which is almost 
always successfully de-watered by the filter press. Chemical 
precipitation, however, is the principal treatment for which 
sludge pressing is used, as the precipitants employed render the 
sludge cakes cohesive. 




68 


SEWAGE SLUDGE 


A dose of lime is necessary to make an unfavorable sludge 
capable of being pressed. 8.4 lbs. per cubic yard (5 kg. per 
cbm.) is sufficient, or 5 per cent, of the dried material in the 
sludge. This addition is also sometimes necessary after chemical 
precipitation. Of the English cities, Chorley adds 8.4 lbs., 
Blackburn 8.4 to 13.5 lbs., Bury 10.1 lbs. per cubic yard (5 kg., 5 
to 8 kg. and 6 kg., respectively, per cbm.) to the sludge obtained 
by alumino ferric a$ precipitant. * With greasy deposits these 
amounts must often be increased. At Willesden it is 37 lbs., 
at Colchester 47 and at Ealing even 84 lbs. per cubic yard (22 kg., 
28 kg. and 50 kg. per cbm., respectively), in order to secure 
hard cakes, which can then be incinerated. 

The necessity of adding some substance to obtain a sludge that 
can be pressed has helped to retain the use of chemical precipita¬ 
tion in England, for it is more reasonable to use lime in the 
clarification process than to add it merely for pressing. The 
addition of lime reduces the cost of pressing, but increases the 
total cost of clarification. Dunbar gives an excellent example 
of this (.Leitfaden fur die Abwassereinigungsfrage ). In Wim- 
bleden, by using lime and iron precipitants, 8.5 tons of sludge 
cake per million gallons of sewage cost 53.4 cts. per ton (2 long 
tons per 1000 cbm. cost 2.51 M. per long ton) for pressing, or 
about $4.50 per million gallons (5 M. per 1000 cbm.) of sewage. 
By adding lime this was reduced to 36 cts. per ton (1.68 M. 
per long ton). But 12.7 tons per million gallons of sewage (3 
long tons per 1000 cbm.) of pressed cakes were obtained, so that 
the cost of pressing per million gallons of sewage was as high 
as before. The cost of the additional precipitant was included, 
in addition to which 11/2 times the volume of sludge was ob¬ 
tained. The questions of cost and increase of sludge are to be 
considered in increasing the precipitant, for it is not reasonable 
to add precipitants merely to secure sludge which can be pressed 
without increasing the clarification. 

Sometimes very greasy sludge refuses to take up the lime, and 
de-watering must be accomplished in some other way. This has 
been the case in several English cities. 

In Frankfort-on-the-Main, too, the filter presses have been 
abandoned, for it was found on opening the presses that, even 
with great pressure, only the layer next the cloths had been 
de-watered and caked,while the middle of the chamber was full 
of liquid sludge. A satisfactory result was only obtained after 
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adding 9.5 lbs. (1.3 kg.) of sulphate* of alumina while, a! the 
same timo, boating the press. This increased the cost to 81.00 
per cubic, vurd (5.50 M. per 1 ehm.j of sludge, rendering any 
practical use of the* method prohibitory. 

The cost of pressing 1 ton of cakes obtained from o.H cm yds, 
of watery sludge in English plants, including interest and sinking 
fund charges, is, according to Schiele, 80.12 1,2 to SI.2* or an 
average of about So ets. (1 long ton from 5 cbm. sludge, 2.00 fo 
(;.()() M. or an average of about 4 M.). Iteichh* and I having 
give for the same amount about 80.19 (2.30 M, for 1 Inng ton) 
as the cost of pressing under (Jerman rornlhions, a: 1 , tuning tin 
cost of the press at $17X5 (7500 Mj and amort hnt ion at 5 per 
(■(‘lit. Hut an extra dose of lime is not included. This la t 
estimate assumes the most- favorable operation o! the pre,i . e , 
so that the priee pm* ton of pressed eake in tlermany may be 
taken at about 03 1/2 ets. to K5 ets. (3 to d M. per hung tong ^ 

.For the addition of lime, usually in t in* form of milk of lime, in 
England, a tank is inserted between lhe >Iudge pit and the lodge 
holder by the presses, in which the sludge remuiiM qmV.^cmU inr 
a short tiling sometimes ior sev<*ral days, alter the do. e o| lime 
has been added. 

With modern plants it Is seldom necessary to resort to presses 
for de-watering. The advantages of the short linn* and the 
limited space required for drying ns compared with drying in the 

air, are offset by the greater cost. Tin* nuisance due to foul odor? 
is reduced, but not entirely elhninated, and the workmen have to 
come into contact with the sludge to a considerable extent* 

The lignite process is accompanied by n minimum of offensive 
odors and as it is more favorable,for pressing on account of the 
addition of chemicals, tins met hod has been retained here. 
These plants are particularly adapted for use in thickly populated 
districts on account of their arrangements* such us flic complete 
enclosure of the sewage dining clarification in towers, etc, 1 lie 
greatest importance naturally is attached to a quick removal 
of the water, the occupation of but little morn, and a prompt 
disposition of the sludge, which is in this case effected by in 
eineration. 

c . Db-watbkino Kixdok nr Euxcrttf fuoai# MAeumvs 

The disadvantages of filter presses led to experiments with 
other mechanical appliances for de-watering sludge. Drying by 
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centrifugal machines, such as are used in laundries and bleach- 
cries, seemed to promise the best results. 

The water that is drawn off by centrifugal force from the 
material to be dried passes out through the sieve-like sides of the 
rotating drum. 

This process did not, however, give the hoped-for results. In 
the first place the liner particles of sludge were thrown out 
through the perforated or cloth-covered sides. In I he second 
place the heavier portions were thrown against the shies of the 
drum by the centrifugal force so compactly that after a while* no 
more water could penetrate it. 

Sludge is so disintegrated by the centrifugal action that the 
heavier portions— the mineral ingredients—go to the out hide. 
The organic materials come next in concentric layers, while the 
liquid portion remains in the middle with the grease on its surface. 

This behavior of the sludge led to tint const ruction of a 
centrifugal machine similar to those used in milk separator,-., 
with a solid shell, the water being led off as by a siphon. This 
method required a long time, as was demons!ruled by experi¬ 
ments at different places (Spandau, Frankfort minthe-Maiu, 
Mannheim. In Spandau with sludge from the lignite process, 
30 to 45 minutes). Besides the solid ring of sludge collected at 
the shell had to be cleaned out by hand with a, spoon-shaped 
instrument at the end of each period of operation. 

In experiments made with such a machine at Chemnitz, 
furnished by the llaubold machine works of that city, 3 cu. yds. 
(2.5 cbm.) of sludge was de-watcred in about 10 minutes from 
90 per cent, to 45 per cent, or 00 per (amt-, reduct ion of moisture 
as described in SchmchtaneFs “Clarification of Sewage.” it 
required 0 h. p. 

An attempt was made to circumvent tin? dirty, slow and un¬ 
healthy work of chaining, which prevented its adoption in large 
plants and, in addition, lessened the efficiency of the machine, by 
introducing a bottom which could be lowered and the automatic 
ejection of the sludge*. The cost remained high, however, on 
account of the* length of time* required, although as to the quality 
of the product, the results secured were sat intactory. The 
addition of 1 per cent, of lime to bind the grease, thus improving 
the material to be ejected as well as the liquid effluent, was found 
useful 

The entire process can only be of practical use if t he wet sludge 
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can be brought in and the dried sludge removed automatically 
without stopping the machine, while reducing the time required 
for the work. 

These conditions have been fulfilled by the Hanover Machine 
Co., formerly G. Egestorff, at Hanovcr-Linden, in a centrifugal 
machine placed on the market as the Schaefer-ter Meer System 
(German Patent) which was constructed after many experiments 
by Director ter Meer in conjunction with City Engineer Schaefer, 
Frankf ort-on-the-M ain. 



Fig. 24. Fig. 26 

Figb. 24, 25 and 26.—Centrifugal machine. 


Two of these machines have been in use in Harburg, four in 
Hanover and six in Frankfort. 

As this system has been found of practical value for some time, 
we will consider its operation in more detail. 

The part of the apparatus which collects the sludge while 
throwing off the remainder, consists of six radial chambers, having 
a rectangular cross-section (Figs. 24 and 25), one radial side of 
which is formed by a sieve-like plate. This has slits 0.4 in. 
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(10 mm.) long and .010 to .024 in. (0.4 to 0.0 mm.) wide. Tim 
chambers are closed on the Inside and outside by slide valves and 
have a capacity of about 1 to 10 eti. ft. {>> I.) each. 

The process of ejection is as follows: t he wet sludge flows from 
a receiver placed at a higher elevation through the central inlet 
pipe into the chambers while these are in rotary motion. The 
inner valves are thereby opened and the outer valves closed. 
The heavier particles of sludge are now thrown against the outer 
part of the chamber, by which action < he water is forced inward, 
partly by the compression of the mass and partly because of its 
lighter weight, and flows out. through tlu* sieves to the surround¬ 
ing water chamber. From this if passes through short pipes* into 
a circular gutter and thence to the outlet (Fig. 2*1). 

Sludge takes the place of tin 4 water i hrown off unt il t he chamber 
is quite filled with the de-wat ered material. The inner ring 
valve is then closed preventing the admission of any more sludge, 
and the entire mass is then whirled around for a period depending 
upon the composition of the sludge. The outer valves flam 
open and the dried sludge is thrown out by the centrifugal force. 
It flies against the wall of the shell, being loosened up and dis¬ 
integrated, and then falls down and out of the apparatus onto a 
belt conveyor. 

Between the outer valves and the wall of the shell is a circular 
movable impact wall. This serves to intercept any water that 
might escape during the process of ejection through the outer 
valves, which may not be tight, keeping it away from the dried 
sludge and the conveyor. It is raised a short time before the 
valve is opened, to leave the way clear for the sludge to be 
thrown out. 

After the chambers have been emptied, the outer valves close 
again, and as the inner ones open, the chamber is again filled 
with wet sludge and the operation is repeated. 

The separate movements are quite automatic and even the 
operation of the valves is governed through two cylinders by 
means of press oil (Fig. 26) which is stored in an accumulator by 
means of a special pump. This also serves as a bearing to 
support the pressure of the centrifugal drum shaft. The ad¬ 
mission of the press oil into the moving cylinder is regulated by a 
regulating valve. 

The sieve surfaces are cleaned partly by the passing through 
of the dried material when being ejected, partly by special 
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scrapers which are operated mechanically by the regulating 
apparatus. 

The ejecting drum makes 750 r. p. m., corresponding to a 
circumferential velocity of 105 ft. (32 m.) per second. 

The length of* a working period in the experiments made by 
Reichle and Dr. Thiesing at the Harburg plant (“Mitteilung der 
Kgl. Priifungs-Anstalt,” Vol. X) averaged 2.5 minutes, or 3.5 
minutes at the most. In the plant at Hanover the standard 
time is 1.5 minutes, though this may be increased to 5 minutes 
when the sludge is very slimy. 

In order to dry successfully by centrifugal force, the contents 
of the sludge should be somewhat heavier than water, as the 
entire action depends upon the stronger repulsion due to the 
greater specific gravity of the material. The fine particles of 
sludge separate themselves out from the sewage and adhere to 
this heavier material on account of their sticky nature. Fresh 
sludge is therefore easier to work over than that which has 
decomposed, as the proportion of fine particles has increased in 
the'latter by disintegration. 

The efficiency of a centrifugal machine varies according to the 
composition of the raw sludge. 2.6 to 5.2 cu. yds. (2 to 4 cbm.) 
of raw sludge can be de-watered in an hour when 20 to 33 gallons 
(75 to 125 1.) of wet sludge is admitted to the chamber at each 
filling. 

In the experiments at Harburg 1 cu. yd. of raw sludge with 
about 92 per cent, of moisture yielded an average of 294 lbs. 
of ejected sludge (175 kg. per cbm.) or 634 lbs. (287.5 kg.) per 
machine per hour. This contained 69.7 to 74.2 per cent, of 
moisture and the dried material contained a somewhat larger 
proportion of mineral matter than the raw sludge, but much 
less grease (8.5 per cent, instead of 14.2 per cent.). 

The efficiency of the centrifugal action, i.e., the ratio of the 
actual volume of ejected sludge to the dried material in the raw 
sludge, computed on the basis of the water contained in the 
ejected sludge, ranged, in the Harburg experiment, 46.3 to 69.8 
per cent., averaging 60 per cent. According to experiments at 
Frankfort and the above observations at Harburg, this figure 
should be somewhat greater. It should preferably be taken 
somewhat greater because the amount of dissolved material, 
which will inevitably reach the outlet, must be deducted from 
the dried material in the raw sludge. 
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Fully CO pei- cent, of the dried .material contained in wludgo 
is, therefore, removed by the centrifugal action, while about, 
40 per cent, is returned to the clarification plant by the effluent 
and must be treated again. The volume of accumulated sludge 
is thus increased as well as the concent rat ion of the diainago 
water, diminishing somewhat the elliciency of the clarification 
plant. 

The ejected sludge contains about 2 to b of the mineral 
matter and 1 to 3 of the organic matter of the nuv sludge as tin* 
following table, compiled from observations at Marburg, indicates: 

TABLE SHOWING RESULT OF CENTRIFUGAL ACTION' OX: 

a. Otic Cubic Yard of Kuw Shaba* 


Total weight Water Total dried A. It ‘ Ogam.* Ureac 
11 ) M , lbs, material lb.>. lb-, luttMo lb lb 


Haw sludge.* 1720 15S1 134 21b l ini.S CM 

Kjeotod sludge.,.. | 295 21 1 HI 20.! f'.t u n •» 

Kflluenl.= 14*23 ; 1370 , 53 1,7 is, I 



b. One 

Cubic Meier <»t Haw Sludge 





! Total weight 

1 Water 

To!id dried 

Al» 

i M'gnnir 

1irea -e 


kg. 

j kg. 

material kg. 

kg. 

mutter kg 

kg, 

Haw .sludge. 

1019 

939.9 

79. 1 

17. 1 

112,0 

11.3 

Kjeeted sludge... . 

175 

12(1.0 

1H.1 

11.9 

39.2 

■1.1 

KlTluent.. 

Sit 

SI 2.7 

31 ,3 

2.H 

2H,5 



The effluent contained on an average per cent. of drmd 
material, composed of 9 to 10 organic and 1 to 10 mineral matter. 

The largo amount of organic matter renders it very put reseible, 
producing foul odors even during its separation. At Harburg 
it, is returned to the main sewer and mixed with the sewage. Ab 
Hanover, on the contrary, it is conveyed to two tanks whhdi have 
been emptied. These are first, filled with the liquid which has 
been thrown off, which is then carried heynnd in i heu.Mial manner. 
If the sewage receives further treatment on irrigation fields 
or in contact heals the* centrifuge effluent can be treated with it. 
In large plants there may be some question of treating it in septie 
tanks; but where there Is abundant water for dilution it may be 
discharged into it directly. 
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A sludge holder constructed of plate iron or reinforced concrete 
(Fig. 27, upper right hand) and provided with a stirring device 
should be placed above every two centrifugal machines, so that 
the material received may be as uniform as possible. The holders 
should be large enough to contain all the sludge accumulated in a 
day, so that the tanks can be emptied of sludge independently 
of the centrifugal, machine and can be ready for use again in the 
shortest possible time. 

A screen of about .4 in. (10 mm.) mesh should be placed before 
the sludge holder in ease none has been provided before the tank 
or at the pump well, to intercept any coarse material which 
might interfere with the operation. 

The dried sludge falls on to a belt which passes below the 
centrifugal machine, and at Hanover, for example, is brought to 
an elevator (Fig. 27 in the background) which carries the sludge 
to a reservoir similar to a silo. It has been observed, however, 
that the sludge forms a compact mass in spite ol the very steep 
slope of the bottom, and can only be discharged into the car below 
by manual assistance. When the 'plant, was visited the sludge 
was allowed to fall through a gate in the bottom directly into an 
enclosed car for its conveyance, holding about 2 cu. yds. (1 .nebm.) 
It is advisable, however, to omit the elevator, which requires 
considerable power, and to raise the sludge the short distance* to 
the top of the car by the required inclination of the belt conveyor. 
The introduction of a small hopper which can be closed is ol 
advantage in order to hold the sludge while the ears an* being 
changed. In certain eases the car can be placed directly under 
the centrifugal machine. 

The whole plant will require about 12 h. p. per machine. 

The centrifuge alone will require about 7.2 h. p. 

If a suction producer gas plant is employed lor power, costing 
about .1.2 ets. (5 pfg.) per h. p. hour, the? cost of operating a 
centrifugal machine would lx* 8,0 ets. (30 pig.) per hour; or, with 
electricity at 1.2 ets. (5 pfg.) per kw, hour, only 7.6 ets. (32 pig.). 
This would correspond to a cost for current ol 5.13 ets, per 
cubic yard (0.28 M. per 1 cbm.) ol raw sludge or 35.2 ets. per 
ton (1.63 M. per 1000 kg.) of the product. 

The ejected sludge is of a loose, crumbly consistency and conse¬ 
quently dries readily. Its weight is 1520 lbs. per cubic yard 
(000 kg. per cbm.). The tendency to putrefy is comparatively 
slight if it is sheltered from rain and sunshine, but it is, naturally, 
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not entirely done away with as there still remains much organic 
matter that is not fully digested. When collected in large heaps 
its temperature rises and it becomes more compact. 

The centrifugal process reduces the volume of the sludge to 
about 1/6 of the original amount, when the product contains 
about 55 to 70 per cent, of moisture. 

The apparatus requires but little attention as the filling and 
emptying are automatic, so that one attendant suffices for two 
machines. He does not come into direct contact with the sludge, 
as the machine is entirely enclosed. 

In this way all foul odors are avoided, especially as the process 
requires the sludge to be as fresh as possible. 

Drying is rapid and the sludge is soon in favorable condition 
for further manipulation. 

The only drawback is the high cost of the plant and its opera¬ 
tion. The cost of the centrifugal apparatus with the stirring 
devices and the oil pressure pump is about $5230 (22,000 M.) 
with an additional $240 (1000 M.) for the motor. Estimating 
5 per cent, for amortization and the price for electric current 
already given, and we have as the expense, including wages, 
polishing material and reserve sieves, with a maximum use of the 
apparatus, 62 cts. per ton (2.87 M. per 1000 kg.) of the product 
for drying, or fully 10 cts. per ton (50 pfg. per 1000 kg.) more 
than with filter presses under similar conditions. (See page 69.) 

The cost of de-watering is naturally least with drying in the 
air, especially as the cost of the plant (fan be greatly reduced by 
a simple construction "of the drying beds. And although, as 
estimated by Reiehle and Thiesing, drying with filter presses 
may be cheaper under similar conditions, this is offset by the 
necessity of adding chemicals to the sewage, which is, as a rule, 
not necessary in order to obtain a sufficiently clear effluent. 

The centrifuging of sludge is particularly advantageous in the 
ease of simple sedimentation, where it is desirable to secure a 
rapid reduction of moisture*, or where the establishment of drying 
beds is not feasible, for lack of room or other reasons. 

d . Other Methods of Reducing the Water in Sludge 

Some methods will be alluded tq here which are employed 
Tor merely a slight, reduction of the moisture preparatory to 
further drying, or which have not yet passed beyond the ex¬ 
perimental stage. 
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A sludge holder constructed of plate iron or reinforced concrete 
(Fig. 27, upper right hand) and provided with a stirring device 
should be placed above every two centrifugal machines, so that 
the material received may be as uniform as possible. The holders 
should be large enough to contain all the sludge accumulated in a 
day, so that the tanks can be emptied of sludge independently 
of the centrifugal, machine and can be ready for use again in the 
shortest possible time. 

A screen of about .4 in. (10 mm.) mesh should be placed before 
the sludge holder in case none has been provided before the tank 
or at the pump well, to intercept any coarse material which 
might interfere with the operation. 

The dried sludge falls on to a belt which passes below the 
centrifugal machine, and at Hanover, for example, is brought to 
an elevator (Fig. 27 in the background) which carries the sludge 
to a reservoir similar to a silo. It has been observed, however, 
that the sludge forms a compact mass in spite of the very steep 
slope of the bottom, and can only be discharged into the car below 
by manual assistance. When the plant was visited the sludge 
was allowed to fall through a gate in the bottom directly into an 
enclosed car for its conveyance, holding about 2 cu. yds. (1.5 cbm.) 
It is advisable, however, to omit the elevator, which requires 
considerable power, and to raise the sludge the short distance to 
the top of the car by the required inclination of the belt conveyor. 
The introduction of a small hopper which can be closed is. of 
advantage in order to hold the sludge while the cars are being 
changed. In certain cases the car can be placed directly under 
the centrifugal machine. 

The whole plant will require about 12 h. p. per machine. 

The centrifuge alone will require about 7.2 h. p. 

If a suction producer gas plant is employed for power, costing 
about 1.2 cts. (5 pfg.) per h. p. hour, the cost of operating a 
centrifugal machine would be 8.6 cts. (36 pfg.) per hour; or, with 
electricity at 1.2 cts. (5 pfg.) per kw. hour, only 7.6 cts. (32 pfg.). 
This would correspond to a cost for current of 5.13 cts. per 
cubic yard (0.28 M. per 1 cbm.) of raw sludge or 35.2 cts. per 
ton (1.63 M. per 1000 kg.) of the product. 

The ejected sludge is of a loose, crumbly consistency and conse¬ 
quently dries readily. Its weight is 1520 lbs. per cubic yard 
(900 kg. per cbm.). The tendency to putrefy is comparatively 
slight if it is sheltered from rain and sunshine, but it is, naturally, 
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not entirely done away with as there still remains much organic 
matter that is not fully digested. When collected in large heaps 
its temperature rises and it becomes more compact. 

The centrifugal process reduces the volume of the sludge to 
about 1/6 of the original amount, when the product contains 
about 55 to 70 per cent, of moisture. 

The apparatus requires but little attention as the filling and 
emptying are automatic, so that one attendant suffices for two 
machines. He does not come into direct contact with the sludge, 
as the machine is entirely enclosed. 

In this way all foul odors are avoided, especially as the process 
requires the sludge to be as fresh as possible. 

Drying is rapid and the sludge is soon in favorable condition 
for further manipulation. 

The only drawback is the high cost of the plant and its opera¬ 
tion. The cost of the centrifugal apparatus with the stirring 
devices and the oil pressure pump is about $5230 (22,000 M.) 
with an additional $240 (1000 M.) for the motor. Estimating 
5 per cent, for amortization and the price for electric current 
already given, and we have as the expense, including wages, 
polishing material and reserve sieves, with a maximum use of the 
apparatus, 62 cts. per ton (2.87 M. per 1000 kg.) of the product 
for drying, or fully 10 cts. per ton (50 pfg. per 1000 kg.) more 
than with filter presses under similar conditions. (See page 69.) 

The cost of de-watering is naturally least with drying in the 
air, especially as the cost of the plant can be greatly reduced by 
a simple construction "of the drying beds. And although, as 
estimated by Reichle and Thiesing, drying with filter presses 
may be cheaper under similar conditions, this is offset by the 
necessity of adding chemicals to the sewage, which is, as a rule, 
not necessary in order to obtain a sufficiently' clear effluent. 

The centrifuging of sludge is particularly advantageous in the 
case of simple sedimentation, where it is desirable to secure a 
rapid reduction of moisture or where the establishment of drying 
beds is not feasible, for lack of room or other reasons. 

d . Other Methods of Reducing the Water in Sludge 

Some methods will be alluded to here which are employed 
Tor merely a slight reduction of the moisture preparatory to 
further drying, or which have not yet passed beyond the ex¬ 
perimental stage. 
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A part of the water may be drained off by letting (lie sludge 
settle again and drawing off the roily water which has separated 
out above the sludge. This can be accomplished in sludge* wells 
or in special sludge holders, such as are inserted before filter 
presses for mixing the lime, for example. The reduction of 
water is naturally slight, and is only worth considering with a 
very watery sludge, such as is obtained by movable cent rivawes 
for drawing it off under water. On the ot her hand, it. is unreason¬ 
able to construct special plants for this purpose, especially as the 
very dirty turbid liquid, on account of the necessity of sub¬ 
jecting it to further treatment, is detrimental to the operation of 
the plant. Moreover, the settled sludge should not la* stored 
without some special reason, as the freshest possible sludge is 
the best for subsequent drying by mechanical means. 

It may be considered, however, where, as in Allenstein, a. 
vacuum receiver can take in tin* whole of the day’s supply at one 
filling. This, coming from wells, remains in the reeeiver one 
day. The turbid water whieh separates out is I hen drawn off 
through faucets at different heights in tin; receiver, before* the 
sludge is propelled further. This results in a desirable re¬ 
duction of volume, especially when it. is conveyed to the fields 
in a wet condition. 

As has been several times mentioned, sludge* loses a part of its 
water during septicizafion, and acquires a* more* favorable char¬ 
acter for further drying in the* air. The aim should therefore* 
be to convey the sludge‘from the* se*<lime»ntation tanks to special 
digestion chambers, in some cases with admixture of a. 
portion of the unclarifmd senvage (Skegness, Eng.}. This is 
done, e.g.j at Columbus with the* sludge from grit <*humb<*rs and 
sedimentation tanks. It is only advantageous where contact 
beds or artificial or natural sand filters which ant already in¬ 
stalled for the rest of the plant, can be* use*el to purify flat effluent. 
Should these devices be installed and operated merely for the* 
digestion of the sludge, the cost would be* out of proportion to 
the comparatively slight improvement, due to the* digestion. 

By leaving it to digest the* sludge may be stored up for such 
times as it is required for fertilizing the* hind. 

A certain amount e>f digestion also take*s plane* by drying in the* 
air, as indicated by the* generation of gas. 

This favorable alteration in sludge* is readily hremght about 
in the Erascher tank, already mentioned by combining Urn 
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mottling tank with the digest ion chamber, and without obtainin'*; 
a putresccnf diluent or being annoyed by disagreeable smells. 
Tin* gases of decoinposit mn contain only 1 races of sulphurei tod 
hydrogen, bom**: chiefly enmpnsed of nmt lumo and earbonie arid, 
and arc thered’on* almost odorless. 

The dcromposit ion here differs favorably from t hat in septic 
tanks without a current, as is usually the ease wit 1 1 those for the 
digestion of sludge, by its greater intem ity. Tins rea, on, 
according to Spillner ((les. In**., 1000) is probably that fnv h 
sludgy is constant Iy admit ted and so t here is no lack of bacteria- 
and their nourishment. At the same time, with the frequent, 
removal of the sludge, and in exchange fur tin* fresh sludge, the 
disintegrated product, which is harmful to hart rriu, is removed. 
The septic chamber is, moreover, always in operation, and the 
disadvantage of rereiving undigested slud.ee when - Judge h 
dr:twn off is obviated. This occurs if the septic tank is not, 
allowed to rest, for several weeks after shut tiny off the inflowing 
He wage. 

A very different process front any mentioned is the patent 
electro-osmose method of (Tunt von Schwerin* with which 
exhaustive experiments have been made in the drying and 
utilisation of sludge at Frankfort-ond hr-Mahu 

In this process the liquid molecules, by osmosis, pass to tin* 
cathode, while flic solid particles colleet at the anode* when an 
electric current Is passed through a. mass of sludge. The sepa¬ 
rated water at the cathode is then drawn off. The colloids, which 
form a large part of the sludge and which render drying, by 
mechanical minim difficult on account of their slimy consist 
ency, are shriveled up by the electric* current, hieilitalttig their 
separation. 

The apparatus consists of frames, one side of which m enclosed 
by a brass sieve* which forms the cathode* and the other by a 
metal plate, usually of lead, which forms the anode, 11m in 
nick* chamber is filled with sludge* and the anode* (date is broiiidif 
wear lint cathode, 1 he* anode plate approaches flic* eathode ns 
the volume* is lessened by the drawing off of the* water at tin* 
cathode, 

Klecf roly tic disintograt iem is brought about simultaneously by 
the elect rolife contained in the sludge, so that the cathode wafer 
is alkaline, while at the anode tin* reaction is slightly arid, 

The current used In this method, which is not yet. past the 
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experimental stage, is # rather high, but not ho great, according to 
Tillmans, as to render it impracticable. 

Artificial drying over afire is entirely out of the question for wet 
sludge for reasons of economy, on account of the great volume 4 to 
be converted into steam; but it has been tried with sludge made 
somewhat firm by air drying or by filter pressing. 

The cheapest way of doing this is by making briquettes of the 
solid sludge in brick presses, which are then dried on shelves 
under a roof, and in from 2 to 8 weeks, according to the weather, 
become sufficiently hard to be transported without special pre¬ 
cautions. These sludge bricks (am then be ground up and used 
as a fertilizer. 

The process of artificial drying consists either in carrying tho 
sludge on a belt conveyor through a heated chamber, or it is 
brought to a current of hot. air, by an enclosed worm conveyor, 
in a slowly-revolving iron drum. The foul gases which arise are 
led under the fire to render them inoffensive. 

The value of the material as a fertilizer does not compare 4 with 
the cost, especially of the coal, as will be shown later; so that such 
a method is quite impracticable, aside from the disagreeable and 
unhygienic features of the work due to the odors created, and 
repeated contact with the sludge. 
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I'tiuzation or Sli in ik 

Kvor since 1 tin* impure 4 mat i<*r has haem separated froin sewage 
in the* form of simile* by elanfieation plants, suggest inns ami 
experiments of various kinds have* beam made* toward the* most 
complete and profit able* recovery, so far as possible, of its ninn* 
valuable* const it uents. 

The following comlitions slioulel be fulfilled in any proems?* 
leading to the* utilization of sludge*: 

1. dim opera!ion should fake* as little* time* as possible*, ami 
thorn slmuld be* a complete re*moval of injurious ingredient... 

2, No physical harm or ineouvenienco should be* permitted to 
come* to the* workmen or to the* neighborhood #*f tin* works. 

*>. Hie* more* valuable* materials in tin* . bulge should be* e\* 
tnmteel or recovered to t he fullest extent. 

4. The process should bn economical ■ /a\, f he* cost of operation 
should not he* greater Until is justified by the* ant imputed benefits, 

1, Hygiene demands that., on account of the* tin,fore of sludge, 
the* filth obtained from sewage should not be stored up or sub¬ 
jected to long drawn out manipulation, especially when the 
previous treatment is unobjectionable* The objectionable sub 
stances should he removed or altered by the operation, ho flint 
the final product is inoffensive** 

2. The immediate contact of the workmen with tin* sludge 
slmuld be avoided here, m In its removal from the tanks and tin 
drying, for fear of infection. The generation of gases and dis¬ 
agreeable smells in the utilization of sludge may result in a 
nuisance to the neighborhood, as has been meni lotted tn connec¬ 
tion with drying. 

T As the amount of the more valuable materials In sludge m 
small, so that large quantities, as compared with the amount of 
the product, must be handled, economy demands the greatest 
possible recovery without any waste* It is to the general lot end 
that none of the material representing any considerable value in 
the large volume of sludge collected from many sources should 
* 81 
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be lost, especially in view of the success!ul efforts that have been 
made in all branches of human endeavor to recover that whhm 
was formerly considered worthless. 

4. The hope of securing a revenue from dm km utilize im» 
equal to the - cost of operation, or of making it a prmitalde m:d»'»*, 
taking, has long been destroyed, at least with city 

This is easily understood when one considers that in a mm 
50,000 inhabitants with an output of 2 million gallon- mbW 
cbm.) of sewage per day, perhaps 5S.5 cm yd-, ( h» cbm.,; ni 
sludge, 90 per cent, moist ure, or 5.9 cm yd.*. ( 1.5 cbim f < u dned 
material are recovered, of which possibly 2.0 to 2,2 cm d . 
(2 to 2.5 cbm.) are of organic origin— about 0,2 per cent, of dm 
total volume of the sewage. Tins small proportion represent* 
the really valuable material, which iuo a po,-. ibb* ! hem mm;4 
value of from $7.14 to $9.52 (20 to 40 M.) ami must often be 
obtained by elaborate t rent men!. Sometime;- > 1m cet m *m* 
plant is recovered by the valuable ingredients found in the wa-fe 
from certain industries—wool-washing or metal working, U*v 
instance—}>iti the plant, should then be used only for these vain 
able wastes. Hornet hues the income h even fit evens* oi flu 4 
expense. 

The incalculable benefit derived front a rapid removal, m well 
as the expense resulting were any other method employed, diottld 
be added to the income earned, together with fIw pioceeds from 
the product obtained, The same thing is true regarding d-a i 
which may accrue from depreciation of the neighbo?jnp land, or 
demands for damages. These may amount to la no* Milan ac¬ 
cording to the location of the plant, and possibly modi in an 
entire change in t he* met hod of treat incut, 

In calculating cm a possible* revenue front any method, our 
should be taken to estimate the probable selling price of the prod* 
net, or the value of the ingredients of the sludge which me to he 
utilised. Above all, one should note tin* difference bet merit the 
theoretical value as worked out on paper and the actual value, 
neglect of which has often necessitated the abandonment of a 
process which, on paper, gave promise of a large nnetine* The 
existence of an ample? demand For the product should id ho be 
considered. 

On account of the advantages mentioned, winch it h often 
impossible to express directly in dollars and cent m hut which 
nevertheless accrue to a city in flic form of improved hygienic 
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conditions, or by reducing the operating charges, private enter¬ 
prises must always be at a disadvantage, even when, as is fre¬ 
quently the case, the sludge is delivered to them just as it is 
obtained, without cost. 

The utilization of sludge may be accomplished in the following 
ways: 

a. By availing of its fertilizing value. 

b. By availing of its calorific value through incineration. 

c. By the gas produced. 

d. By the grease obtained. 

e. By various other methods of disposal. 

Those methods are comprised under e which are of minor im¬ 
portance, or which seek merely to render sludge inoffensive 
without reference to its commercial value. 

It must be emphasized that none of the methods as yet em¬ 
ployed entirely fulfill the conditions mentioned at the beginning 
of this section. 

a . Utilization of the Fertilizing Properties of Sludge 

The principal field for the use of settled sludge is as a fertilizer 
in farming operations. This is the most ancient and was, for¬ 
merly, the only use. 

In the future the greater part will also be utilized in this way, 
especially in small places where the cost of plants for further 
treatment would be too great and where the small amount of 
sludge produced would not admit of its utilization. Other condi¬ 
tions there, too, are found to be most favorable for this disposi¬ 
tion of sludge. 

The value of sludge as a fertilizer depends chiefly upon the 
amount of nitrogen and phosphoric acid contained; also, in less 
degree, on the amount of potash. The first two each comprise 
about 1.5 per cent, of the dried material in settled sludge, potash 
about 0.5 per cent. These figures naturally vary with sludge 
obtained by different processes. They are, therefore, not to be 
given equal weight in their consideration for agricultural pur¬ 
poses. 

Detritus from grit chambers has little fertilizing value and is 
used principally for filling in land, also for the top dressing on 
irrigation fields. It is, however, sonietimes mixed with the sedi¬ 
ment from tanks to avoid the expense of the separate transporta- 
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tion of these small quantities. Sludge from chemical precipita¬ 
tion and septic tanks possesses but little fertilizing value. If lime 
is used in the former it can be employed where the soil is lacking 
in this ingredient. Sedimentation processes and bar and mesh 
screens furnish sludge of the highest value, especially the last, as 
the detritus from these is almost wholly organic, while about one- 
half the dried material of settled sludge is organic. 

The fertilizing property of settled sludge is often unfavorably 
affected by the grease contained. This prevents disintegration, 
to a great extent, and injures the soil by the formation of a 
coating not readily pervious to air or water. 

With greasy sewage a separation of the grease, as in the 
Kremer apparatus, is of great advantage in the sale of sludge for 
agriculture. 

The amount of material valuable for the nourishment of plants, 
mentioned above, corresponds to a theoretical fertilizing value of 
28 cts. per cubic yard (1.50 M. per cbm.) of wet sludge containing 
90 per cent, moisture, and $1.10 per cubic yard (6 M. per cbm.) of 
dried sludge with 60 per cent, of moisture. With an amount of 
sludge equal to 0.786 cu. yd. of sludge per 1000 persons (0.6 1. 
per capita) daily, or in round numbers, 290 cu. yds. per 1000 
persons (220 1. per capita) per year, the income would be $78.50 
per 1000 persons (0.33 M. per capita) annually, which would 
cover the greater part of the operating expenses—with sedimen¬ 
tation processes, under favorable circumstances, the whole. 

But this is not the ease. The cost of transportation to the 
place of utilization should be deducted from this theoretical 
value. This is not insignificant, as much water must be carried, 
even when the sludge is quite firm, aside from the sandy portions 
which are useless for fertilizing. 

The fertilizing material in sludge cannot be wholly utilized, 
as is the case with sewage irrigation; for the proportion available 
as plant food yields an excess of nitrogen. With grain this 
results iff an abundance of straw, but few shriveled grains. If, 
then, the nitrogen is to be entirely utilized, either one must not 
apply too much sludge, unless vegetables only, or leafy plants, 
are to be raised, or else the lime and potash which are lacking 
must be brought to the field independently. 

For these reasons the actual value is much less than the 
theoretical. Moreover, artificial fertilizers are now much cheaper 
than formerly and are preferred, because more easily handled. 
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The night soil from towns not provided with sewerage by water 
carriage is superior to sludge for its fertilizing properties. Sludge 
can only be used for agricultural purposes in the fall and winter 
up to the time of spring planting, as the nitrogen is deleterious 
to most plants after May and, moreover, the teams for hauling 
are otherwise employed. A constant removal is desirable for 
clarification plants. Only plants with septic treatment are 
adapted to annual or semi-annual removal. 

It is impossible to secure high prices, as farmers are not 
dependent upon sludge for fertilizing, while the treatment plants 
demand constant removal and the storage of sludge, except in 
small quantities, is objectionable. 

Sludge is utilized as a fertilizer either wet or in a de-watered 
condition, or the drying may be carried to such a point that it 
can be strewn over the ground. 

1. The use of Wet Sludge as a Fertilizer 

When wet the sludge can either: 

1. be taken to the fields in casks or water-tight receptacles, or 

2. conveyed thereto in pipes or open channels. 

The first method is particularly advisable where, in small 
plants, the sludge is removed from the settling tanks to a wagon 
by suction, or by pneumatic apparatus such as is used for empty¬ 
ing cesspools. All bad odors are thus avoided, and also the 
nuisance of flies. The sludge treatment plants are, too, reduced 
to a minimum, as no additional apparatus is necessary. A pre¬ 
vious drawing off of the turbid liquid in the sludge well or 
vacuum receiver is of a certain advantage. 

In larger installations the sludge container should be placed 
at such an elevation that a wagon can be filled independently of 
the removal of the sludge from the tanks, so that the process 
may not be unduly prolonged. For this purpose a tower 40 ft. 
(12 m.) high has been constructed at Mannheim, which holds an 
iron receptacle having a capacity of 15.7 cu. yds. (12 cbm.). 
The Frankfort plant has two receptacles for sludge removal 
standing side-by-side (Fig. 28). 

It is possible, also, to provide pits for the temporary storage 
of sludge, especially when it is removed by the management of 
the plant, as the process need not then be interrupted in case 
there should happen to be no field prepared for its reception. 
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As a large amount of water must be carried ;e. umhv- India•*. 
in this way it is only practicable for short iiaub ami nnali area,-. 

Where several pa-rtic^s take the sludge* regularly lie* aemd 
method is preferable, and a system of piping «»r channel- demln 
be laid for its distribution. Open channels nr gutter, ran only 
be employed when tin* land on which sludge h to be applied lies 
much lower than t he plant. Part ides ot sludge i ret pout f ly 
lodge in the ehannels and putrefy. 

Underground pipe systems with branches rising tu the ,, miner* 
at suitable ooints and closed with valves or blank linages are 
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always to be preferred. Movable lines of pipe euti be laid on fin* 
surface from these, by which the sludge can be -preud over fhe 
entire field. 

In Mannheim, where nearly all the Kludge is Unix utilised on n 
tract of land of about 740 acres (000 had, the underground jttpmy 
which are about 1 *25 miles (2 kin.) long, and are laid in ground 
owned by the city, are of iron and of d.Hd in. < 150 ntiuj iii/hhi 
diameter. The sludge in then earned to private booh in ^urfhm 
pipes which also serve for a further distribution on the city 
fields. These are made of old boiler tubes lift in, C 100 nniid 
diameter inside, with flanged ends. Where f he*** ur«* to remain 
for a long tinny however, they are furnished with screw join?w, 
A loose joint Is sufficient for the distributing pipes aa the oo/Jng 
sludge dries rapidly and closes the joints sufficiently, The pipes 
can be easily shifted by two men with short iron rakes and drawn 
together. (Fig. 29.) 
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The sludge is propelled onward by means of a piston pump. 
Provision should be made here for forcing water into the pipes to 
flush them out. This may be found particularly necessary when 
branch pipes have been long out of use, so that the sludge remain¬ 
ing in them has become thick. Such obstructions can always be 
removed by flushing. As the pressure can always be increased 
at option with a piston pump, and also reduced in case of a 
break in the pipes, this is better adapted for use with a long line 
of pipe than compressed air from a receiver. The natural hydro¬ 
static pressure from elevated sludge tanks can only be used 



Fig. 29.—Sludge distribution pipes. (Mannheim,) 


where there are also means for increasing this pressure by con¬ 
necting the distributing pipes directly with the pump or with a 
compressed air receiver when an obstruction occurs in the 
system. In general, interruption of operation seldom occurs, but 
the use of such alternate appliances should be availed of more 
frequently, especially if the land suitable for drying beds lies at 
some distance from the plant. 

If sludge is to be removed promptly from the tanks a larger 
sludge well should be provided so that the machinery for its 
propulsion may be of smaller size, and so that the operation may 
extend over a longer period. 

The largest plant of this kind is at Birmingham. The distance 
propelled here is about 3.5 miles. (5 to 6 km.), and masonry 
manholes are built for connecting the distributing pipes. 

Sludge can be distributed in various ways on the fields, A 
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method mueh in vogue in Kngland is to dig *iitfrom 20 Io 
36 in. (0.5 to 0.9 m.) wide and 12 to 20 in. {0.3 to 0.5 hi.i drop at 
a distance of about, 5 ft . (1.5 m.) aparL (big. 30. j After nut- mi* 
two months, when the soil is dried out, then* are tilled with 
sludge and, after a lew days, in order to prevent ohjeetionahle 
odors, covered to a depth of 2 to 3 in. (5 to K cm.) with the earth 
which haw been excavated and placed upon tin* intermediate 
strips. r Hns is repeated if the sludge should soak through the 
covering in wet weather, Tim land is cultivated for one or t wo 
years, after which a new series of trenches is excavated on the 
intermediate strips and utilized in the same way. A piece* of 
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land in usually taken of nuch that, (he accumulated sludge of 
a year can ho canal for. Sometimes flu* second application in 
made in connection with the first. It, is then wise to lot tin* land 
lie fallow for a year before put ting it under cultivation. 

As tho Kludge is buried in thick layer* and is withdrawn front 
the influence of the win and wind by the covering of earth, it, 
dries slowly. Sometimes, as an experiment, it has been buried 
deeper. It wan found yearn later, however, in the same condition 
in tho ground and without having decomposed. 

Foul odors cannot he. avoided with certainty even with the 
earth covering or tho addition of lime. Above all, digging the 
ditches is costly. In Manchester, with wages of 10.7 rf^. 1 15 ,\I,| 
per hour, it costs 0.95 cts. per gallon per foot (0.25 ,M. per 1. per 
in.) with a depth of 15 in. (0.15 m.). 

This method has therefore been abandoned in itirininghum in 
favor of that of placing the sludge on tin* fields without any 
special preparation, as this plan low been found satisfactory at 
Mannheim and Frankfort-on-the-Main. Here about 75,000 
cu. yds. (5C,0()0 cbm.) of liquid sludge was utilized in this way 
during the year 1902. Another method has now replaced it, 
however, in connection with an incineration plant for rubbish 
which has been installed recently. 

The whole process consists in irrigating the land with sludge. 














THE ATM l*: ST A SI) ITIUXATION OF FUJDOF 89 

c Fi-:. 29.) By making a suit able* choice of the crop to be fertilised 
:dud;o- may bp disposed of flu* year around, without having any 
farce plots lying idle. In Mannheim sludge is placed on sugar 
beefs ami tobacco in flu* late spring until the end of May, alter 
the held,: have been sludged in the winter and before the time for 
planting the summer grain and green fodder. By the end of 
duly if eon acatn be brought lo the fields of stubble. In this 
way the land lies idle but two months. 

In order fo rerulafe the operation If is necessary that the 
tenant , if the lamb belong to (hr* city, guarantee fo fake the 
sludge at certain times, or agree among themselves at what 
tifiieH it shall be taken. It should be left to the farmers to decide 
which fields should receive the sludge. 

About HMt eiL yds, (120 cbm.) per day with 91 pen* cent, 
moisture is given away in Mannheim, while only *17.0 cts. (2 M.) 
is charged per day tor the use of the* pipe's, besides the wages of 
flic workmen who lay tin* pipes and apportion the sludge. This 
returns an income of $428 (1800 M.). An attempt- is also made 
to derive a profit from the sludge, as the 122,a acres (50 ha.) 
of iimiifeifint land line risen in rental value from $8,70 fo $12.50 
pm a***e 90 M. to 120 M. per hap — about 50 per cent.., so that; 
ifsdte a sum is realized to eover the cost of purification. This 
fdtows how the met hod is employed by the fanners. A com- 
pfiritmti of the crops raised on irrigated and mm-irrigated land 
also shows tin 1 advantages derived, 

The ?4uiui* favorable results have been obtained ad Birmingham. 
Formerly *20 men were employed to bury about 520 cm yds, 
(400 cbim) of kludge daily, while now only 0 men are needed fo 
spread it on the land. This is also shown by the cost. In the 
first cast* the mot, including pumping, sinking fund and interest 
charges and rent lor the land, was 7 cts, per ton (0,22 M, per long 
ton) of Madge, in Manchester even 12,2 efs. per ton (0,58 M. 
per long iottq while the other process cost but 2*5 cts, per ton 
I0J2 M, per long ion), 

The amount of land required, according fo experience in 
Mannheim, was about lit acres per cubic yard (1 ha, per cbm.) 
of average sludge received per day, This corresponds fo a 

depth of about 1.45 in, (2*7 cm,) of sludge per year, or a require¬ 
ment of fully 25 sq, yds, per cubic yard (27 qm. per ebm.j of 

sludge per year. 

In Kitghirid, where it is of less value for use in agriculture 
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than its cost, an accumulation of 10 in. (25 cm.) per year is 
estimated on land having favorable soil, equivalent to an area of 
3.6 sq. yds. per cubic yard (4 qm. per Hum) of sludge. With a. 
heavy clay soil this is increased to 10.S >q. yds. per cubic yard 
(12 qm. per cbm.) of sludge or more, and with a medium .-oil, 

7.2 sq. yds. per cubic yard (X qm. per Hum) of sludge. 

This small area of land is partly accounted for by tin* favorable 
climate of England, particularly in winter. 

With a quantity of sludge amounting to !!).s m. yd.-, per 
million gallons (4 l per cbm.) of sewage and a daily water con¬ 
sumption of 40 gallons (150 1.) per capita, we have 2Kb cm yds. 

per 1000 ( - 0.219 cbm. per capita,) of dodge per 

* \ 1000 

year, and therefore with 10 in. (2d cm.) depth of dubrm about 

1.2 sq. yds. (1 qm.) per inhabitant. 

As the land is only spread with sludge once in 2 or 2 ymars the 
above values should be doubled or I rebled, thus approaching the 
Mannheim value, which was estimated for a yearly application. 

The estimates of Schiele (“ Mined, d. Kgh VermHmamfalf A 
No. 11) of 0.48 sq. yds. (0.4 qm.) per capita seem ntllmr Imv in 
comparison. 

The same areas are needed for ditches as for irrigation, This 
method is used in England more for drying sludge than for 
agricultural purposes. 

Low embankments are sometimes thrown up by a plough, 
therefore, on level tracts of laud, forming shallow ponds which 
are filled with sludge 4 to 0 im (It) In 15 eim) deep, and flits is 
dug under when dry. If the land is used in this way several 
times in succession it becomes more impervious and drying fakes 
a correspondingly longer time. In this case it is better to provide 
specially drained drying places and to remove the dodge after 
it has been dried. 

If the sludge is used tit small quantities on laud which is 
devoted to agricultural uses, it decomposes entirely and the 
ground is always ready to take up more umtcriul. he dodge 
only covers the ground in a thin layer (see Fig, 29) it dries 
rapidly and can be harrowed under without delay. The land 
does not have to be absolutely level if care in taken lo irrigate 
all parts by the aid of manual labor, and to see flint the pipes 
are properly laid. 

By having long sludge pipes (see Birmingham; a sufficiently 
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large area of land can generally be reached. Sandy soil is 
especially well adapted for this, as the sludge dries out more 
quickly. It can, however, stand larger doses of sludge if it 
is under cultivation. Land which is subject to overflow by 
streams and cannot be cultivated may be advantageously em¬ 
ployed in irrigation. (Mannheim). Provision for under-drainage 
is not necessary. 

This method should be considered where there is septic sludge 
or fine sludge which cannot be de-watered by pressing or centri¬ 
fuging, and where drying beds cannot be provided. The former 
variety of sludge is not very useful in agriculture, but it is 
quickly disposed of. 

Much grease is undesirable, but it disintegrates more readily 
and harms the field less when spread in thin layers than if in 
large masses and lumps. 

2. Utilization of De-watered Sludge as Fertilizer 

The volume of sludge is reduced to one-fourth or more by de¬ 
watering to 60 or 70 per cent., thus, rendering its transportation 
for long distances profitable. 

In Frankfort-on-the-Main sludge dried in the air was trans¬ 
ported as far as 5 miles (8 km.)—in Neustadt O.-S. even 6.85 
miles (11 km.) by wagon, and in the latter case 62 cts. per cubic 
yard (3.40 M. per cbm.) was paid when no lime had been added, 
or 44 cts. (2.40 M.) with lime. In 1901, $916.30 (3850 M.) was 
realized from the sludge. 

Conditions are seldom so favorable, however. The character 
of the soil in that vicinity and the production of fertilizer for 
agricultural purposes have had considerable influence. It is, 
also, often advisable to give the sludge away to promote its intro¬ 
duction and for experimental purposes. 

In most cases a very small price is paid for dried sludge, which 
is quite out of proportion to the cost of drying, especially when 
this is accomplished by presses or centrifugal machines. Detri¬ 
tus from screens always brings the highest price on account of 
its excellent quality. In Torgau 48 cts. (2 M.) per load is paid, 
in Leipzig 36 cts. (1.50 M.). In the same place 6 cts. (0.25 M.) 
was paid for tank sludge by lessees of the city, by others 12 cts. 
(0.50 M.) which was reduced by 6 cts. (0.25 M.) charges for load¬ 
ing. In 1908 the gross revenue was $318.68 (1339 M.) when 
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there wan a groat demand, while ilie cos! in wages fur removing 
the dried Blud^c^ from tin* pits was about §(>8.11 (28,800 M j. In 
Unna septic Kludge brings 2(> cts. ( l.oO M.) per toad, in Hecklum - 
hausen 9 cts. per cubic yard (0.~>0 M. per rbm.j. 1 his price is 
frequently obtained, rising sometimes to 18 els. per cubic yard 
(1 M. per cbrn.). 

In general better prices can be obtained in small places than in 
large cities, as the small farmers, who are the prineipal users «»f 
sludge, are found there in comparatively greater numbers, hal ve 
))hints are glad to get rid of sludge in any way and to have it 
called for, to avoid the costs of transportafion. 

In England they sometimes obtain 18 ets. per euhie yard 
(1.0 M. per cbm.) for pressed cake, but 9 to Id I 2 rts, OhbO to 
0.7/) M. per cbm.) is often paid to have it earned away. 

The sludge is spread on the land and dug under as in the ease 
of manure. The loose consisteney of centrifuged sludge renders 
it easy to handle. The freezing of sludge spread on the fields, 
which is common when ponded, promotes iH* dornmpn.-ilitm and 
enhances its fertilizing power.. 

Half dried sludge can be frozen In cold localities, making if 
easier to load and transport. Tin* thawing at the places for dry¬ 
ing, however, entails more work. 

Detritus from screens, possibly also from grit chambers, is often 
composted with street sweepings, sifted dust, and, in smaller 
quantities, with dried leaves or pieces of prat, to increase i?, 
fertilizing qualities. This is best accomplished in walled pits, lit 
which they are placed in rotation in thin layers. The odoiv are 
less with the small surface exposed Hum if placed in heaps, mid 
when the pit is full can be lessened by the application of a layer 
of peat. In Cologne 4 pits with a capacity of WO cm yds, (100 
cbm.) each are used for this purpose. 

Wet sludge Is also mixed with dust or street sweepings to 
obtain a material that is more easily handled, and In (’asset, for 
example, tanks were arranged with embankments of street- 
sweepings, Into which liquid sludge was pumped* llnmm of I lie 
sweepings from the sides were then gradually mixed with the 
sludge until equalling half its volume* In half a year a iniiteriid 
capable of transportation was obtained with per cent, of 
moisture, having the odor of garden compost, which was given 
away free. One and seven-tenths pounds of lime per cubic 
yaid (1 kg. per ebrn.) was added to prevent foul odors unit flies,, 
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b»l lhis wits no) entirely .successful. The IVrl,Hissing value was 

also reduced and fh<* cost increased. 

if e itMi advbuiblc in compost wet tank sludge with street 
sweepings, UK thin y only possible* by forming great heaps, which 
delay ilie dry mr and increases 11n* foul odors. Sweepings, 
moreover, are inure easily canal for by themselves, 

Ji Piimih t rio\ or FKimor/iKH wnreir can hm Ntukwn 

mi'ill I'llK (iitOUNI) 

Many experiments have been made to secure a fertiliser that 
can be strewn after drying the* sludge to 10 or 20 per cent, 
moisture, siicli as lias been obtained in the form of poudrette 

from i‘e#*al matter. 

I hey have almost all billed because of the gnad. cost required 

for art ifilial drying. 

The process F made cheaper by spreading the de-watered, 
sludge in t hin Sayers under cover, rolling It several (hues or raking 
it over. In mi miner the continued water can he reduced to from 
HI I o till per ceiib lids met hod can only be used for small 
if mint ifiiw on account of the space required, and cannot las 
employed in damp weather. 

Willi larger quantities the denvatered sludge can be formed 
iiitn briquettes and dried in the air under sheds, like bricks, m 
described in the last section. 

In either caw it, run be ground up, producing a fertiliser that 

can lie u re win 

This method requires a prolonged handling of the sludge* The 
workmen eome into contact wit It it, also, amt it remains piled up 
a long time, although it iV not, very offensive. 

This process H comddembly accelerated by the artificial drying 
already men!toned. K\tensive experiments have been made in 
Frankfort with fin apparatus constructed by Fellner and Ziegler, 
III llocSieiilirdfff* 

Witter is drawn off from the sludge*, which has been placed in a 
tot ary drum, Idled with iron bulky at a temperature of from 212° 
to 24K f * F, (HHF to I2(f (\) and at filename fume the dried mass 
w groiimb The fertilizer which, with a wafer content of from 
H In In per cent, can then be sf re wig cental rm FH per cent. of 
iiifritiien fiisd U per cent of phosphoric acid* The whole con¬ 
tains, tin an average, 47 J per cent, of organic matter. 
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- about 314 


From 0.388 cu. yds. (29G 1.) of sludge with 72 per cent, water 
(specific gravity = 1.15) there were obtained hourly 209 lbs. 
(95 kg.) of poudrette, while 101 lbs. (46 kg.) of coal was used. 
From this we have the unfavorable factor for the production of 

100X101 _ / 100X46 t 1 \ 

steam:-= about 314 -— -= about-—). 

388X1.15X72 \2.96X 1.15x72 5.1/ 

The large consumption of coal brought the cost of a ton of 
poudrette to $6.48 (3 M. per 100 kg.) which was much higher 
than the price for which it could be sold. 

The nuisance produced by the foul-smelling gases resulting 
from the drying could not be entirely prevented, even by con¬ 
ducting the gases under the fire. 

The same experience was had in Potsdam, where similar experi¬ 
ments were carried on in the further drying of lignite sludge to 
secure a more perfect incineration. 

Nor has the result sought been reached in the attempt to 
secure a product that can be strewn by drying between hot 
cylinders, pressed sludge containing an addition of lime. 

In England, on the contrary, very successful methods have 
been devised for securing a fertilizer that will find a market, as 
Schiele reports in No. 11 of Mitteilung der Koniglichen Versuch- 
sanstalt. 


In Kingston the sludge obtained from the A. B. C. process is 
pressed and then artificially dried and screened. After further 
drying in the air during storage it is sold as “Native Guano/ 7 
especially as a fertilizer for flowers, at a price beyond its true 
value. In spite of this the clarification and further treatment 
cost about 40 1/2 cts. (1.70 M.) per capita per year. But the 
employment of a cheaper method of clarification combined with 
a discharge to the sea would be yet more expensive. 

In Glasgow the “Globe Fertilizer 77 is produced in a similar 
manner by clarifying with lime and sulphate of iron and then 
artificially drying the pressed sludge at a temperature of 149° 
to 158° F. (65° to 70° C.). In 5 years 1.23 million tons (1.1 
million long tons) of sludge with 91 per cent, moisture produced 
198,000 tons (177,000 long tons) of pressed cake and 6400 tons 
(5700 long tons) of fertilizer. The former cost 42 1/2 cts per 
ton (2 M. per long ton) and was sold for from 14.9 to 21.2 cts. per 
ton (0.70 to 1.00 M. per long ton); the latter, while costing 
$2.12 per ton (10 M. per long ton) to produce, sold for from 
$1.70 to $2.12, or in sacks $2.97 per ton (8 to 10 M. and 14 M. 
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|.cr Inter lot,,. Thi- reium reduced jl K; m s(, 0 f clarification by 
M ei jter million •jalhms (O.u M. loop t; | m g () f wwage . In 
npiie of the smaller price the suit* of the pressed cakes wan pre¬ 
ferred, as (hey rc<|iiired less work. 

\o yre.-ti pmlif e.-m In* looked for by further treatment of tho 

fertilizer. ...ially a.- the valuable artificial fertilize™ at their 

ehettp price* are always preferred. Kven with artificial drying 
it is u long drawn mil process, requiring troublesome irianiptila- 
tioii. Ii i.- al'Aiiy- to the in|crest, of the plaid, to render the 
process as dtmi and simple as possible, especially when; no 
great profit ran hr realised. 

fh i OMCM/M, I Tfl.IXATfoX OF C^AFOIIIFH! VALUK HV BlHtNTNU 

A iitraii' 6 ' 1 1 e*j14#®ii 1 1 y employed lo remove val ueles.s refuno 
wliirh f when ucrtnnuluted, borotnen offensive from ifs gradual 
ilrritin|if*>ifion and, aloq taken up too murh room, Jh by horning. 
By ubfm the proper apparatus flir heat from the Rus'^eraled 
ran hr miiUed, or if this h not done the volume In af Irani reduced 
and thr filial produrf is nit unobjectionable heap of ashen. 

Urn poobbillfy of burtdnm ami especially of utilizing, the 
calorific valur of dtnfge depends on several conditions which am 
of^yimat importance l tho dmrrumrd of which has led io many 
failure*. \% r will therefore consider them somewhat morn in 
detail, 

llir dearer in which dodge can la* disposed of by making use 
of it h calorific value depends upon flic proportion of organa? 

matter rnutaimd, on the water and on flic grease, 

Tjic effective thermal value of any material in the number of 
heal unit* developed by the combustion of one pound (or of 1 kg.) 
of ihe furl under ronddrmf inn. 

The larger flic proportion of organic const if turn fa in sludge the 
greater the amount of u\tillable heat, which is released by com¬ 
bustion, f Jfie inorganic umtciiid and the water contained m if 
idoorb a certain pail of the heat generated in raising their own 
fempemhirm Water consumes a large pari of it, not only 
been* me it eonvt holes a great proportion of tin* whole, but par- 
t iculaiiy became if must be converted into steam. I HO In t, m 
pH* pound are required to raise water from F, to 212"* b\ f 100 
calorie* per kg. from IB lo HUP Cl), but to convert water at 21 IB 
lb (tIHPC,) into steam of I fie haute temperature there are required 
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965 b. t. u. per pound (536 calories per kg.), altogether about 
1152 b. t. u. per pound (640 calories per kg.). 

As in ordinary incineration plants only the amount of heat, can 
be utilized comprised between the temperature of combustion 
and that of the gases discharged, and as this last tempo) atuic is 
usually above 212° F. (100° C.), the water contained in the fuel is, 
as a rule, converted into steam. The heat used in this process is, 
however, lost, except for a paid which appears in the higher 
temperature of the gases given off. 

The effect of the moisture on the burning can be shown mathe¬ 
matically. 

The absolute caloric value of the dried material is about 7200 
b. t. u. per pound (4000 calories per kg.). With a water content 
of 90 per cent, there will be 90 lbs. (or kg.) of water in 100 lbs. 
(or kg.) of sludge. To convert this into steam requires 90 X 1152 
= 103,680 b. t. u. (90X640 = 57,600 calories). The calorific 
value of the dried material is 10x7200=72,000 b. t. u. (10x4000 
= 40,000 calories). 

Sludge containing so much water has therefore no practical 
heating value. It is only when it is further dried that we old ain 
from the calorific value of the material an excess of heat above 
that used up in the generation of steam. The following table by 
Koschmieder (Tech. Gemeindeblatt, seventh you-) shows to 
what degree this occurs through the reduction of the contained 
moisture by 10 per cent. 



With 10 lbs. of dried material 

With 10 kg. of dried material 


B.t.u.-*10X7200-72,000 

Calories--• 10 X1000 ■ 

40,000 

Per cent, 
moisture 

Water 

lbs. 

To convert to 
steam requires 
b.t.u. (about) 

Resulting ex¬ 
cess of heat 
b.t.u. (about) 

Water 

kg* 

To convert to 
steam requires 
eateries (about) 

■ i 

Resulting ex-* 
cum of heat 
in calories 

90 

40 

103,680 

— 31,680 

90 

l 

57,600 

17,600 

80 

40 

46,080 

+ 25,920 

40 

25,600 

4 1 1,400 

70 

23.3 

26,842 

+ 45,158 

23.3 

14,912 

+ 25,088 

60 

15 

17,280 

+ 54,720 

15 

9,6(H) 

4 30.400 

50 

10 

11,520 

+ 60,480 

10 

6,400 

4 33,606 

40 

6.7 

7,718 

+ 64,282 

6.7 

4,288 

+ 35,712 

30 

4.3 

4,954 

+ 67,046 

4.3 i 

2,752 

4 37,248 

20 

2.5 

2,880 

+ 69,120 

2.5 

J ,000 

f 38,400 

10 

1.1 

1,267 

+ 70,733 

1.1 

701 

4 39,206 
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Sludge has a practical calorific value only after the contained 
moisture haw been reduced to 80 per cent. This value increases 
gradually in proportion to the decreasing amount of water to be 
driven off at decreasing intervals of 10 per cent. (See Chapter 
IV.) It appears, therefore, that little will be gained by drying it 
beyond 50 or 60 per cent. 

It should also be noted that the temperature must not be 
lowered below the degree required for combustion when material 
to be burned is added. 

The grease contained is a disadvantage in burning inasmuch as 
this must be distilled off at a temperature of 572° F. (300° C.) 
before reaching the temperature of combustion. The heat thus 
used is lost, as these distilled vapors are not consumed in any 
ordinary furnace. With every addition of material to be burned, 
therefore, the moisture must be turned into steam, the grease and 
similar substances must be distilled off, and it is only with a yet 
higher temperature that wo obtain gases of the degree of heat 
required for practical use. 

' When burning dried sludge in house stoves the grease is dis¬ 
tilled off and is quickly deposited on the cooler parts of the heat¬ 
ing apparatus, resulting in much dirt and the production of im¬ 
pure gases which escape into the room and render the air impure. 
When it is burned under steam boilers the gases escaping through 
the chimney annoy the people of the neighborhood. 

Although we find from the above that sludge sufficiently dried 
can be burned without adding other material, its use is too limited 
to make further drying, except by the usual methods, of economic 
value. Experiments in this direction have, however, been made. 

In Frankfort-on-the-Main briquettes made from de-watered 
sludge with brick presses and dried in the air to 10 per cent, of 
moisture gave an effective calorific value of 9910 b. t. u. (2500 
calories), on an average with 47 per cent, of combustible material. 

Ac,cording to Bredtsehn,eider and Proskauer (Vierteljahjres- 
Hehrift f. off. Ges.—Pflege., VoL XXX VII) air-dried sludge with 
20 per cent, moisture contains about 30 per cent, combustible 
material and about 50 per cent, mineral matter, and has a 
calorific value of 8730 1). t. u. (2200 calories). 

Experiments at FIberfeld have shown that sludge with as 
much as 00 per cent, moisture can be burned without the addition 
of coal by using a forced draft. 

As valuable combustible materials, such as carbonic acid and 
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methane, are lost during decomposition, sludge from septic tanks 
is less suitable for heating purposes. In Stuttgart the calorific 
value of septic sludge with 40 per cent, moisture was 6456 1>. t. u. 
(1627 calories); with settled sludge containing 47 per cent, mois¬ 
ture, 8035 b. t. u. (2025 calories). In comparison we have: 
lignite sludge from Potsdam with 60 per cent, moisture, 5950 
b. t. u. (1500 calories), and settled sludge from Hanover, dried at 
212°F. (100° C.), 15,870 b. t. u. (4000 calories), with 28 per cent, 
ash and 17,120 b. t. u. (4315 calories), with 18.5 per cent. ash. ^ A 
certain increase in calorific value is found in coal mining districts 
due to particles of coal in the sewage. 

Coal or other combustible material, such as dust, has been 
mixed with sludge to increase its calorific value in order to render 
its use practicable. The coal can be added to the sewage, to the 
wet sludge or to the dried sludge before it is used. 

The first method brings out the most economical use of the 
material added. It can be used as a means for clarification, as 
in the lignite process. The addition of coal or peat also facilitates 
drying in the air as well as by pressure, and retards the decom¬ 
position of deposited sludge. If the material that is to be burned 
is mixed with wet sludge, this is best in the form of coal dust, 
which is thoroughly incorporated with the sludge by a process 
patented by the firm of Rothe, in which it is sucked in like por¬ 
ridge through a lateral suction pipe in the sludge pump. 

The complete utilization of the calorific value is, therefore, the 
approved practice in using the lignite process, and as Reiehle and 
Dost have shown by experiments to be described later, the foul, 
material contributes from 11 to 30 per cent, of the resulting 
calorific value. 

Experiments at Charlottenburg, where sludge containing 
40 per cent, moisture was burned with the addition of coal, 
more coal was required to obtain a certain amount of steam than 
if coal alone had been used. For other reasons, too, stress should 
be laid upon mixing as thoroughly as possible. 

In the lignite process, where 4.1 to 8.3 tons per million gallons 
(1 to 2 kg. per cbm.) of ground lignite with alum and sulphate 
of iron are added to the sewage, the sludge is usually burned under 
the boilers of the apparatus just as it comes from the press. If 
it is received in the consistency of gruel, which cannot always bo 
avoided with its variable character, other sludge which has 
received additional drying in the air under cover is mixed with it. 
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The grate is supplied with diagonal bars. The resulting ash is 
about 1 / 7 of the original amount. 

In Copenick the lignite sludge which has been dried in tanks 
three or four weeks, is heaped up under cover for about four 
months, and this high piling up has been found of greater advan¬ 
tage than placing it in thin layers, so that the large drying sheds 
have been but partially used. The calorific value with about 
40 per cent, moisture is 8630 b. t. u. (2175 calories). It is burned 
in the neighboring electric plant with an addition of one part of 
coal to 2 to 4 parts of sludge, applying, at the same time, a forced 
draft. Lignite sludge is also used at Potsdam in the municipal 
electric plant, but without previous storage, using a mixture of 
1 part coal slack to 8 parts sludge. The electric plant, which 
uses no other fuel, pays therefor $2142 (9000 M.), which repre¬ 
sents only a part of the cost of the sludge. 

An experimental plant of the Nuremberg Machine Manufactur¬ 
ing Co., Inc., dries the wet lignite sludge by heat, the final product 
—a firm black mass—is used for fuel and the steam generated 
thereby employed to operate the machinery. Further particu¬ 
lars as to the success of this plant cannot yet be given. 

At Spandau the lignite sludge is made into briquettes and 
sold at $1.52 per ton (0.70 M. per 100 kg.) for fuel. In other 
places the sludge briquettes which are not needed to operate the 
clarification plant are given away to poor families. 

Experiments with septic sludge from Emscher tanks show that 
it burns when containing 46.4 per cent, moisture with an addition 
of from 20 to 5 per cent, of coal, when 50 per cent, which has no 
commercial use is left as ash. 

Besides the complete utilization of the calorific value, an 
attempt should be made to secure an ash having value, on account 
of its large amount. This is especially worthy of attention where 
there is a lack of sand and gravel for mortar and concrete. At 
Huddersfield, England, the pressed sludge from chemical pre¬ 
cipitation is mixed with coke breeze in the proportion of 5:1 and 
burned. The resulting slag is used with lime and cement to 
make mortar. The operation is expensive, however, the burning 
alone costing, in the added coke and wages, 55.2 cts. per ton 
(2.60 M. per long ton), to which should be added 53.1 cts. per ton 
(2.50 M. per long ton) for pressing. The only advantage lies in 
the fact that the entire product is thus utilized without any waste. 

* This point is not worth considering in lignite clarification plants 
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where the residue of ash is but 1/7 of the whole amount. The 
complete utilization of the calorific value is of importance in 
reducing the high cost of the process, especially as large machines 
are necessary to do the work. 

It has even been proposed to lessen the burden on the sewage 
at Berlin by clarifying a part of the sewage with coal and then 
utilizing the sludge in the production of electrical energy for the 
railways. With an addition of from 20 to 30 per cent, of lignite 
there has been estimated a return of 21,431,000 k. w. h. from 
164,640 tons (147,000 long tons) of sludge. 

Centrifuged sludge is particularly well adapted to burning on 
account of its loose consistency. A separate extraction of grease 
from the sewage in order to produce a sludge without this in¬ 
gredient is of advantage, as has been already explained in the 
remarks on combustion. 

In Bradford, where all the sludge is worked over for the grease, 
the pressed cakes without grease are mixed with coal in the 
proportion of 7:1, while a heated forced draft is used to prevent 
any annoyance from smoke, and the cakes are then burned under 
steam boilers, thus saving an annual expense of $4760 (20,000 
M.) for fuel. 

Briquettes made from sludge dried to 75 per cent., with coal 
and bitumen added, have been used for fuel in Columbus, U. jS., 
but as in all experiments with a mixture of more valuable fuel, 
the cost has been greater than its actual value. 

The incineration of sludge with dust or street sweepings com¬ 
bined, has frequently been found practicable, the most notable 
example being at Frankfort-on-the-Main, where centrifuge- 
dried sludge has been treated in this way. Experiments there 
indicated that sludge with 75 per cent, moisture mixed with 
house sweepings would burn without any additional fuel; so, 
also, in Charlottenburg where, with a mixture of 1 part sludge 
with 75 per cent, moisture and 3 parts house sweepings, 1 lb. 
evaporated from 0.76 to 1.08 lbs. (1 kg. evaporated 0.76 to 
1.08 kg.) of water in the boiler. 

This method is frequently used in England whore pressed 
cakes containing 50 to 60 per cent, moisture are customarily 
mixed with dust in the proportion of 1 to 2. The calorific 
value of the material is utilized to operate the plant. This is, 
naturally, not great. In Bnrv 67 tn 7X rtin . ! 
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Ihe engine boilers of the plant. The slag resulting from this 
method can I>e molted and ground. It is then used for building 
material. Especial attention is given to the gases produced, as 
these may easily cause annoyance. 

r. Production of Gas 

The unfavorable results obtained in utilising the combustible 
material in sludge as fuel which have beam described have led to 
experiments by which its calorific value may be more fully 
realized through its conversion into gas. 

A distinction should bo made here between, the removal 
(entgasung) of .the gas and the production (vergasung) of the 
gas from the sludge. 

The former is accomplished by driving out the volatile in¬ 
gredients, especially the curburetted hydrogen, winch makes a 
very valuable gas, by a high temperature. This is dry distilla¬ 
tion, such as is employed in making illuminating gas. 

By the production of gas is understood the combination of the 
carbon contained in the material with the oxygen of the air to 
form carbonic oxide. This ean be brought about by passing air 
through glowing coals. Carbonic oxide gas is produced which, 
when mixed with the inert nitrogen of the air, is called producer 
gas. This is not a perfectly combustible product, as the carbon 
is consumed only to the degree necessary to produce carbonic 
oxide, but not. carbonic acid. 

If steam from water is brought Into contact with glowing 
coals the- oxygen in it unites with the carbon, forming carbonic 
oxide, and the hydrogen is set free. The mixture of these two 
gases is called water gas. In the suction gas producer, air and 
steam are admit ted at the same time and the resulting gas is a 
mixture of both kinds. These gases are usually mixed with other 
volatile substances which are freed from the combustible material 
recently added to the upper layer in the generator. 

At first attempts were made to drive off the gas from sludge, 
but so far this lias been without practical success. The reason 
for failure is the great volume of the water contained in the 
sludge, us compared with the small amount of combustible 
material, a condition which constitutes the great difficulty in 
all methods of utilization. A great deal of find is required to 
heat this great mass, while the value of the gases obtained iy not 


102 


SEWAGE SLUDGE 


in proportion. Moreover, a considerable amount of r 
remains after the gas has been removed. ^ ^ 

This is also shown in the experiments undertaken in I< 
remove the gas from sludge produced by mixing peat wi 
sewage of Stuttgart. Here from 1.96 cu. yds. (1.5 cb 
sludge weighing 1700 lbs. (770 kg.) there remained a residue 
retort of 534 lbs/(242 kg.) =31.4 per cent.—quite a large a 
—and the gas obtained was about 7060 cu. ft. (200 cb 
417 cu. ft. from 100 lbs. (26 cbm. from 100 kg.) of sludge 
1700 lbs. (770 kg.) of coke. The calorific value of the 
obtained was 16,578 b.t.u. (4178 calories) as compare, 
possibly 19,840 b.t.u. (5000 calories) in the case of illumi 
gas, and the cost of production (fuel and wages) $1.27 pc 
cu. ft. (0.19 M. per cbm.). 

The cost of production is therefore very high in proper 
its value. The conditions are still less favorable with oi 
settled sludge, as was shown by experiments at Frankfort-. 
Main. Here, from 220 lbs. (100 kg.) of air-dried briquett 
690 cu. ft. (19.5 cbm.) of gas was obtained. After a 
period 50 per cent, residue was found. The gas contains 


Hydrogen, 

Carbon, 

Methane, 

Heavy carburetted hydrogen, 
Carbonic acid, 

Nitrogen, 


36 per cent. 
23 per cent. 
13 per cent. 
6 per cent. 
16 per cent. 
6 per cent. 
100 per cent. 


Its calorific value was 15,000 b. t. u. (3800 calorie 
maximum 16,860 b. t. u. (4250 calories). The illuminatirij 
was small, 5.3 candle power while using 5.3 cu. ft. (150 
hour, so that the gas cannot be used for lighting. 

Similar results were obtained with sludge from septi 
and plain sedimentation in Stuttgart, as the following 
indicate. 

There is, therefore, no question of economy in the pro 

Experiments for converting sludge into gas have result, 
favorably although, even here, there has been no satii 
solution. 

The same unfavorable characteristics of settled slu 





Metric measures 


TREATMENT AND UTILIZATION OF SLUDGE 103 



1000 cu. ft. gas.j 363,800 b.t.u.-j 378,200 b. t. u. cbm. gas.j 3242 cal. 
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shown here as were found in connection with burning, as might be 
expected, for both processes aim to secure its entire calorific 
value. 

Gas obtained is used to drive engines. As the calorific value 
of the sludge is small these engines must be marie very large. 
Besides, the preliminary, distillation of the grease, which quickly 
condenses, makes the engine and plant for the production .of 
gas very dirty, so that ample reserve must be provided for unin¬ 
terrupted power. 

The heat required to convert the water into steam and distill 
the grease might be recovered by passing their vapors over glow¬ 
ing coals, possibly by admitting them into the fire box, thereby 
inducing further decomposition. In using wot sludge for making 
water gas the method suggested by Koschmieder .may bo em¬ 
ployed: of conveying the steam from the sludge to the generator, 
thus utilizing the heat devoted to that purpose. The heat from 
the gases may he used to further dry the do-watered sludge. 
Coal to the amount of 1 1/2 times the wet sludge should then be 
added. This increases the cost of the process, and probably in a 
greater degree than by special drying of the sludge or by other 
processes where the storage or prolonged treatment, of t he sludge; 
is avoided. 

Sludge which has not had coal added during or after clarifica¬ 
tion is not suited to the removal of gas. 

The experiments which have been made in t his din'd ion by t hi; 
Ueutz Gas Engine Works have therefore only dealt wilh coal- 
clarified sludge. Of these experiments, some of which were 
undertaken at Deutz, some at.the Dresden Municipal Exhibition 
and some at the experimental plant at Oberscfibneweide, we will 
only consider those made by lleichle and Dost at tin; last-named 
place, as the results arc all similar. 

The experimental plant, which has now been abandoned, 
consisted of a generator, a condensing plant, and a suction gus 
engine of 70 h. p. With an addition of from a.fid to 8.23 tons of 
lignite and from 0.75 to 1.13 tons of sulphate of alumina to 
1 million gallons of sewage there were obtained 12.5 tons of 
sludge (with 1.35 to 1.97 kg. lignite and 0.18 to 0.27 kg. sulphate 
of alumina per cbm., 3 kg. of sludge) with til per cent, moisture 
having a calorific value of 3202 b. t. u. per pound 1177!) calories 
per kg.). The sludge received from the press with this amount 
of moisture was dried in the air to 51 per cent., for, as was shown 
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by those experiments, sludge with 58 per cent, or more cannot 
be converted into gas. 

The following composition was the result of an analysis: 

Carbon, 22.3 per cent. 

Hydrogen, 2.7 per cent. 

Nitrogen, 1.0 per cent. 

Oxygen, 12.8 per cent. 

Sulphur, 0.5 per cent. 

Ash, 9.8 per cent. 

Water, 5.1 per cent. 


The calorific value of the gases produced was on an average 
81,000 (maximum 90,000) b. t. u. per. 1000 cu. ft. of gas, as com¬ 
pared with 146,000 or more wfth other power gas [721 (maximum 


801) calories per cbm. as compared with 1800 or more]. The 
engine, therefore, only furnished 57 h. p. The amount of lignite 
sludge was 5.56 lb. (2.52 kg.) per brake horse-power-hour, 


whence we have a thermal, efficiency of 


2510 X 100 
5.56 y 8202 


632X100 \ 
2.52X1779/ 


= 14.1 per cent. 3202 (1779) here represents the calorific value 


of the sludge and 2510 (632) the heat units required for one h. p. 
hour. 


The impure matter increased the heating value by from 11 to 
30 per cent., the sewage being composed mostly of factory wastes 
without combustible ingredients. 

As the cost of fuel is 0.36 to 0.50 cts. (1.5 to 2.0 pfg.) per h. p. 
hour, and about 15 per cent, of the power derived from the sludge 
was utilized for the clarification plant, the cost of operation at 
Oberschoneweide, as was demonstrated in 1905, was reduced 
from 33.1 cts. to 24.5 cts. (1.39 M. to 1.03 M.) per capita per 
annum, or by $16.20 per million gallons (1.8 pfg. per cbm.) of 
sewage, including interest and amortization charges. 

Much utilization of lignite sludge has a certain economic 
advantage which can be increased by improvements as already 
indicated: The costs of maintenance and operation may be 
reduced if the process is used in connection with a municipal 
power plant where sludge is available. It does not seem wise to 
adopt the lignite process merely for the profitable use of the 
sludge when its advantages—freedom from odor, small area 
required, easy handling and therefore the possibility of estab¬ 
lishing the plant in populous districts—cannot all be realized. 
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Recently a plant of this kind, to utilize sludge for power gas, 
has been installed at Elbing, but although no decided opinion 
can be expressed after the short time it has boon m operation, it 
does not appear to meet the expectations as to cost. 

d . Extraction of Eimoasf. 

The grease contained in sludge is detrimental to the methods 
of utilization hitherto described. In order to realize I he greu I rat, 
possible value either as a fertilizer or for fuel it. is necessary to 
eliminate the grease, or at least to have as little of it as possible. 
But the contained grease itself represents a valuable product. 
It is necessary, however, to extract it from the sludge in the 
’ simplest and most economical way. 

This can bo done: 

1. By extraction of the grease from the* set f led sludge.. 

2. By extraction of the grease from the sewage elfhei 1>) ^ 
itself or in connection with other materials. 

A mechanical separation of the grease by It < rhing to the 
surface on account of its light specific gravity does not t ake plarc 
in connection with sludge as it is too intimately mixed with the 
particles of the latter. In de-watering by centrifugal fore** in 
closed drums the grease separates from the water in the center 
and can be collected. 

Both of these methods have been t ried out in practice. 

The first is more generally known in Germany from a plant 
at Cassel erected by Degener through the Hansel Machine Works 
—Incorporated, formerly the firm oi Herd* and Henkel. 

The sludge, which was given away by the city of i ‘assel just its 
it was obtained, and whieh contained coarse sedimentary and 
floating matter on account of the lack of grit chambers or screen y 
was worked over by the following processes: 

1. Freeing the sludge from its coarse ingredients (nigs, sticks 
of wood, etc.) by a rolling screen. 

2. Mixing with sulphuric acid in kettles. 

3. Heating the mixture in Montejus [3 fo each 3.9 emyds* 
(3 cbm.)] to 212° F. (100° (V). 

4. Pressing the heated material in filter presses. 1 he drainage 
water was conveyed to a lime well to neutralize the add* and 
returned to the plant. 

5. Drying the pressed cakes, first by Introducing steam info 
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the presses and thence, after they were disintegrated, into an 
apparatus heated by steam. 

6. Extracting the grease by benzine in an extractor holding 
8.5 on. yds. (0.5 cbm.). 

7. Liberating the grease and sediment from the benzine by 
steam. The latter was recovered by condensation and could be 
used again several times. 

8. Subsequent drying of the sediment in thin layers in the air 
or in a drying apparatus after the moisture had been reduced to 
40 or 50 per cent, by steam. 

9. Distillation of the grease. This produced two layers of 
grease, yellow and brown, while a tar-like material remained as 
residue. 

The amount of grease extracted varied from 8 to 25 per cent, 
and averaged 15 per cent, of the dried material in the sludge 
calces, while the average amount of grease contained in the sludge 
was 18 per cent. 

The residue, deprived of grease, found a good market as a 
fertilizer and had the following composition referred to the dried 
material: 

Nitrogen, 2.85 to 5.90 pen* cent. 

<1 reuse, 0.71 to 5.89 pen* rent. 

Phosphoric acid, 0.41 to 1.12 per cent. 

Potash, 0.03 to 0.15 per cent. 

As shown above, this method was very troublesome. In 
addition to a good dead of machinery it required 10 men, for 
operation—-8 by day and 8 by night. 

The final product was unobjectionable from a sanitary point of 
view and the process was, moreover, harmless.for the workmen. 

As many alterations and improvements were found necessary 
in trying out the plant, the capital required hud to be increased, 
making, with the high cost of operation, economical results 
impossible. After 8 years, therefore, it was abandoned, and the 
contract with the city of (kissel was cancelled. 

The principal reason for the high cost of operation was (he 
great expense that had to be incurred for fuel used in heating the 
wet sludge and in drying the pressed cakes, which was out of 
proportion to the value of the grease contained (Hoc page 10). 

Experiments made at Frankfort-on-thcj-Main to extract grease 
with benzine from wet sludge containing 15 to 20 per cent, of 
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grease in the dried material showed the process to be uneco¬ 
nomical. 

Extracting grease from sewage sludge obtained under normal 
conditions can never be profitable. 

The situation is different in towns where much grease is dis¬ 
charged into the sewage from factories, as, for example, in various 
English cities from wool washing works. 

The largest plant of this kind is at Bradford (Fritzing Hall): 
14.53 million gallons (55,000 cbm.) of sewage, half of which comes 
from wool washing establishments, are treated there daily by the 
addition of sulphuric acid. The sludge, with 80 per cent, mois¬ 
ture, is heated to 212° F. (100° C.) by steam and then led into hot 
filter presses, where the grease, which has been separated by the 
sulphuric acid, is pressed out with the water. The grease sepa¬ 
rates from the water and is refined. In 1904 it brought a revenue 
of $29,300 (123,000 M.), but at a cost of $59,500 (250,000 M.), 
for sulphuric acid. 

The pressed cakes contain, in addition to from 30 to 40 per cent, 
of water, from 15 to 25 per cent, of grease, and are used for fuel; 

[ for, as has been stated, they are not suitable for use as a fertilizer 
' on account of the grease. In an experimental plant one part of 

\ it is worked over for grease by heating the sludge cakes in retorts 

* to 600° F. (315° C.) in order to distill the grease. This is then 
drawn up by suction and condensed when-it is almost as valuable 
as when first obtained. The gas water obtained is treated for 
\ ammonia at the gas plant while the pulverized residue, containing 
'1.5 per cent, nitrogen, serves as a fertilizer. 

i If the liquid wastes from wool scouring and cloth finishing 
plants are treated separately, the grease recovered sometimes 
pays for the entire cost of purification. It is of advantage to 
treat the sludge from severakfactories in one plant. 

The great disadvantage in treating large volumes of watery 
sludge, as at Cassel, especially the heating, may be lessened if 
the grease is extracted by itself from the main body of the sludge, 
as is done with- the floating layer in the Kremer apparatus. It is 
impossible to prevent a part of the grease in the bottom layer 
from being lost, but the value and amount of grease in city sew¬ 
age is not so great as to make one lay great stress on this fact. 

It is much more important to keep the rest of the sludge as free 
from grease as possible, as it is then more suitable as a fertilizer 
and for fuel and can more readily be. rendered inoffensive by 
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decomposition. The removal of grease is also of advantage iri 
connection with irrigation and final biological purification. 

The layer of grease in the Kremer apparatus, containing an 
average of 72 per cent., moisture and about 45 per cent, grease in 
the dried material, is placed in a perforated vessel for further 
drying, and in small plants can he given directly to soap manu¬ 
facturers, who are glad to get it. If several places with such 
arrangements for obtaining the grease from sludge are located 
near each other, the sludge can be delivered to a single plant for 
the* further extraction of the grease wit,he tetra-chloride of car¬ 
bon. Wit h cities of 45,000 inhabitants and upward an independ¬ 
ent plant, for working over t he sludge is warranted. 

A thorough ext.ruction of the grease should be aimed at for 
economiral reasons; for, assuming that 10.1 lbs. (7.3 kg) per 
capita roaches tin* sewage each year, and that about 15,000,000 
people in Germany live* in rities having sewers, about 121,000 
tons {110,000,000 kg.) of grease are lost annually. 

v. Various Otiikh Munions on Disposal v 

t 

Aside from mixing sludge precipitated by lime with clay to 
make cement, or settled sludge with loam to bake into bricks 
(these methods having little economic, value on account of the 
cheap price of good cement, ami brick, but being, nevertheless, 
employed to a considerable extent) we will here mention briefly 
methods for disposing of it without utilization. 

Sludge is frequently used, after it has been dried, for filling in' 
land, sometimes with the addition of slag or sand. The residue 
from grit chambers is particularly adapted to this purpose, as it 
contains but little organic matter; and, in, particular, septic * 
sludge, as it. lias but lit tic* heating or fertilizing value, and is not 
subject to offensive deeompositiom Very greasy sludge can 
often be used in this way only, as if is very difficult to dry. 

Depressions in the ground, abandoned sand or gravel pits, 
the dry beds of streams or shores of rivers (Klberfeld) are the 
best dumping grounds. 

This method of disposal is much used at Leipzig, where about 
103,,000 eu. yds (125,000 cbm.) of wet sludge are annually dis¬ 
posed of in sludge beds of about 21 acres (8.5 lice.). By using 
an old sf ream bed lagoons are formed by earth embankments, 
info which flu* sludge is pumped to a depth of 15 ft. (4.5 m.). 
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A scum forms on top which at last breaks, sinks, and the liquid 
rises to the surface. This gradually evaporates, the sludge^be- 
comes firmer and after lying for some years is m part carted off. 
Tn the case of cities on the coast the sludge can be carried to 
sea as is done in many English cities: London Manchestei, 

Southampton, ^ 

the best arrangement for this. 1 he sluu b e is ri e j * 
large sludge tanks, as its removal is_ sometimes interiupt jr 

fog and the water rising to the top is drained off. 
ships having a capacity of 1300 cu yds. <1000 cbmj each 
used to carry the daily accumulation of about 7800 cu yd . 
(6000 bm.) of sludge to about 50 miles (80 km.) beyond the 
mouth of the Thames, where, in order that it may be washed 
further out, it is dumped shortly after low tide. 

In other cities vessels with a capacity of from 780 to 1300 
cu. yds. (600 to 1000 cbm.) are used, but they do not have to g 
so far out. At Dublin the sludge is dumped but 2.2 mile- 

(3 5 km.) from shore. , . J , .. . , 

1 Considered from a sanitary standpoint this method is free 
from objection as the sludge is at once rendered harmless, bu 
Rs valuable constituents are lost and the cost of disposal is quit, 
large. Including loading the vessels, interest and sinking fu 
charges, and harbor taxes,-this amounts to: 

7.2 cts. per ton (.34 M. per long ton), at Glasgow. 

8 9 cts. per ton (.42 M. per long ton), at Dublin. 

10 0 cts. per ton (.47 M. per long ton), at London (Barking). 
12 3 cts. per ton (.58 M. per long ton), at Manchester 
29.7 cts. per ton (1.40 M. per long ton), at Southampton, wher 
the removal is done by contract. 

Septic sludge is disposed of in a peculiar way at Columbus 
During high water it is discharged into the Scioto Rivei whit 
passes the purification plant. The dilution is about 1:80 
As it can only be discharged at high stages of the river the slud* 
remains in the tank through the summer _ (about 8 mont is 
As septic sludge is not offensive no objection can be made 
this method so long as no deposits accumulate m shallow place 
It may be adopted near bodies of water in which there is no tide 



CHAPTER VI 


Considerations Regarding the Treatment and Utilization 

of Sludge in the Choice of a Method of Clarification 

The requirements of the different methods for removing sludge 
from tanks and drying and utilizing it have already been con¬ 
sidered in the separate foregoing chapters, as well as the advan¬ 
tages and disadvantages of these methods. 

In order to utilize the product profitably it is necessary in 
planning the work to give due consideration to the method of 
treatment and its utilization. 

If it is apparent from what has been said heretofore that the 
processes for the treatment and utilization of sludge have been 
developed to such an extent that there is no necessity to reduce 
the degree of purification through apprehension of a troublesome 
sludge burden; yet the mistakes that have been made due to an 
insufficient study of the sludge question and an underestimate of 
its importance can generally be rectified only by a large outlay 
for improving the mode of operation. 

The composition of sludge has, up to this point, been accepted 
as something definite. If it is not possible for an engineer ([(‘sign¬ 
ing a clarification plant to radically alter the character of (he 
sludge, he can at least modify it to a certain extent in his choice 
of a method and in perfecting its details, especially those features 
which are of consequence in and materially facilitate subsequent 
treatment and utilization. 

The necessary degree of clarification is, of course, the funda¬ 
mental consideration to which the treatment of tin* sludge must 
defer. But by measurement of the sludge the solution of the 
problem can be made easier, if a removal of the foul nuttier from 
the sewage be required up to the absolutely necessary degree, 
depending upon the composition of the water into which if is 
discharged and special local conditions; for with the reduction of 
the quantity of sludge the difficulties of disposal will diminish as 
well as the expense, which is always a hinderanee to a hygienically 
desirable and thorough purification. Tint more complete the 
purification the greater the amount of sludge deposited. 

. ill 
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(ago, especially in small installations, where there in a great saving 
in labor, us t he sludge need not be removed daily and this is 
easily done. Still simpler is the treatment of sludge in septic 
tanks of ordinary construction, but other disadvantages, such as 
the necessity of subsequent cleaning, as well as the storing up of 
great masses of ([(‘composing matter in the neighborhood of 
inhabited dwellings, etc., often stand in the way of their use. 

Sludge should be obtained in such a condition that it is suitable 
for drying and subsequent utilization, as well as for removal 
from the tanks. For this reason it is necessary to free it from 
grease and cellulose. This is best, accomplished, especially with 
greasy sewage, by the separation of these substances from the 
sewage. There is economy in recovering the grease from settled 
greasy sludge*. The preliminary separation of the grease is 
especially desirable in the case of contact beds, sand filters and 
irrigation fields. 

As to drying, which proceeds more rapidly after decomposition 
and t he ext met ion of grease in tin* open, the use of remote sludge¬ 
drying beds is often to be recommended. 

With artificial methods of drying, centrifugal machines seem 
open to much improvement. Here it is a question of reducing 
tin* cost of tin* apparatus for drying by simplifying the centri¬ 
fugal machine, of which perhaps t in* one constructed on the prin¬ 
ciple of a cream separator might be improved. 

I)e»wafering by filter-presses need be considered only in 
special cases, as, on the* one hand, sludge without the admixture 
of other material is not adapted to this treatment, and on the 
other, if is not economical to add tins merely to secure a sludge 
capable of pressing, especially as the volume of the sludge* is 
t hereby increased. 

Many experiments have beam math* in the utilization of sludge 
and many processes have never passed beyond the experimental 
>!a i£(\ >o that if is as yet impossible to judge of them. The 
author has gone into these experiments with can*, as it is only 
from them that opinions can he drawn as to any possible? develop¬ 
ment s that may reasonably be looked for Irom the active interest 
taken in the matter. 

From a sanitary standpoint the goal to be aimed at is tin? 
quickest possible removal of t he sludge and rendering it harmless 
and this is likewise true regarding its disposal and drying. As 
this is not. possible without expense, economy demands the 
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complete utilization of the valuable materials in the Bludgolo 
reduce the cost of treatment., or at least the expense oi rendei ntR 

If the first case seldom occurs, as shown m < hapter \ , I ■ >■ 
is a savins in giving the sludge away to farmers who are willing 
to take it.' Using sludge as a fertiliser is the best way to utilize 
the valuable ingredients, winch are constantly inrrea,.-., ti. 
amount by the general extension of sewerage. 11m nitrogen m 
particular is conserved, for the production oi which m'ws.urr.- 
and processes are being constantly sought, while by 1-urnmv 
this is lost. The extraction of grease is always oi advantm.m 

when used for agricultural purpose's. , 

Irrigation simplifies the treatment of sludge. It shoulu. then- 
fore, always be employed where the renditions render it P_"~ n ,5 "; 
It, answers the same purpose with respect to the utilization mm 
rendering inoffensive of the impure material as does lrngan-m 
with sewage, which is the host method as to its removal nod 

utilization. , , . . . , 

Incineration as well as the production ot gas which Intbv 
process can and will he improved are the methods ot uch/.m sw 
i.mtcnfcd where clarification is brought, about by the s-mnmn 


of coal or peat. , 

The addition of coal to ordinary sludge to Inctlitate rutir 

bustion seems advisable in a few cases only, but mixHm m" 
house sweepings for the same purpose Is to he rommen.b-d: 
only, however, in ease the sludge cannot he disposed ot m 

cheaper and simpler way. _ , 

Particular emphasis should he laid mi the greatest Mtnplimt > in 

the method of utilizing sludge. ^ 

Extracting grease, according to the present status oi method" 
employed, can only he done with economy where this i. tints' 
by itself in connection with particularly greasy .dodge. 

A brief summary of the principal processes in their rebn-m 
to the treatment and utilization of sludge is given lime V* 
consideration is given to their various. advantage* or disadvan¬ 
tages, as has been done generally in this treatise. 

The. points considered are: 

a. Composition and amount ol sludge. 

b. Methods of removing sludge. 

c. Adaptability of sludge to drying. 

d. Possibility of the utilization of sludge. 
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In this briel spare tin* various modifications of method, \vhieh 
are vary groat in sediinenfation processes, cannot be treated. 
The* render is referred to Chapters III and IV.. 

1. tint Chambers, 

a. Small amuiiiit ; composition and moisture contained, de¬ 
pendent mi design and operation, in general favorable. 

b. Removal of sludge, with and without interruption, without 
foul odors, 

e, Special arrangements for de-watering unnecessary, 

d. Very lit lie value, ehietly for filling land. 

2, Me-h and 1 atr screens, 

a. Small amount and tilth* moisture. Putreseible. 

b. Sim|do -oparat ion in fresh condition, 

r. Speeial arrangements for de-watering unnecessary. 

d. < ior*d ode as a rnmparai ivc*ly valuable fertilizer. 

A, Sedimentation in Tanks arid Wells. 

a. Lane* volume ami mueh moist ure, especially with wells and 
tank, u bore Panova! orntrs during oprraf ion. Very pulreseible. 

b. Crnea ;d of iiplyo* favorable or unfa.vocable, according to 
llfo po*’la 1 f-on ,1 nu*t ion, in tanks, usually with interruption of 
operation ami foul odor:- ; in wells trnne favorable but, with larger 
volumes. 

e. Large plant for drung necessary, as sludge is not always of 

favorable character. Id ail odors only avoided by meeliatheal 
apparatus. 

d. I Sefui as a fertilizer, hut less so than from screens and less 
readily dbpor-ed of on account of the large volume*. 

I. {ItemiVal Precipitation. 

a. Very targe volume. Not very puireseible, 

Ik A* in t he east 1 of Alt, but with less odor, 

c. I Je-watering prarf icabbg also in fill empresses; little nuisance 
from odor?-, 

d. i H‘ very little live, 

o. Lignite process, 

a. Very large volume with much moisture. Not put reseible. 

In Removal during operation without foul odors. 

e. lie-watering in filter-presses or in tin* air quickly and with¬ 
out odor. 

<b May be utilized by burning or conversion into gas. 

fi. Kept if* tank process* 

a. Small volume. Little moist ure. Momputresciblo. 
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b . Little nuisance from odor, depending- upon the method of 
removal. Interruption of operation. 

c. Favorable consistency for dtying. . ; , i 

d. Slight utility, as calorific and fertilizing values ate u d.u d. 

7. Emscher Tanks. 

b. Removal during operation without foul odors. 

c. As with Oc. 

d. As with Gel. 

8 Kremer Apparatus. , . , , 

a. As with 3a, but more favorable compo.sUmn due to tin 

extraction of grease. . i, M . ,„«,Liiiri. 

b. Removal during operation, when sludge with less mon-fun 

than with 3b is obtained, on account of the absence n greme- 
c For the same reason, favorable consistency tor d«~».»l. »»•- 
d Greasy sludge favorable for the extraction of grea-e; 
sludge at the bottom, on account of little grease, «»‘<re i«v..n.. 

for fertilizer than ordinary settled sludge. . , . 

Biological treatment, intermittent filtration and irrem. on 
are omitted, as they have been in the entire treatise became 
sludge here plays an unimportant role and its treatment d< s- > 
entirelv upon local conditions and the method ot operation. 


Concluding Remakkh 

There are many methods for the treatment and utilization of 
sludge and it would be a mistake to set up miy one metlmu u< 
best for each has its advantages and each its Faults, and the e 
have weights varying with the local conditions. ( i iluiu , wt-n 
teristics and arrangements may prove of great dtsndvnmusm m a 
large city while well adaptcd to a small town, and nr, 

The choice must be made to mil the local eoinlif b #?|; ~ !ill# * *** {l|| y 
given case these must make necessary corresponding hmdibrm 

tions of plan. , . , 

If this is not observed we have the ease so often met with <4 a 
method adapted to one place and working admirably. Jailing 
entirely at another. The blame is then usually laid and pmdy 
with reason—to an overestimation of the special invention ; bn it 
is frequently observed that inventions otherwise u idii! and tie- 
results of experiment lose their value by being generalized, and 
naturally are not carried out under tin: .same condition*-. 
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Th<> best, solution of the sludge question can only bo found by 
study of the individual case, and firmer foundations laid by 
further experiment and (he practical application of the various 
nu‘f hods. 

A sanitary and economical treatment and utilization of sludge 
is oi importance lor each plant, and one can but, agree with 
Metzgci when he eoncludes his report on this question at the 
International ( ongress for Hygiene and Demography at Berlin 
in I!!<b with the sentence: “The treatment; and utilization of 
sludge are of such great, importance that no plant should be 
completed until all the questions of subsequent treatment, have 
been finally answered and settled by avoiding the conditions 
known in principle to be evil.” 
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INTKODIICTION 

The kludge Question .—The difficulties encountered to-day in 
treating sludge lie less in the methods employed than in the 
characteristics of the sludge. The liquid masses of sludge 
obtained from sewage can neither be utilized nor left at the plant, 
and, as a rule, cannot be removed without great cost. 

In England, where the question of sewage purification was 
first considered on a large scale, on account of the small volumes 
of water available into which it could be discharged, and where 
every large city has its disposal plant, the sludge question has 
become most urgent. The editor of The Surveyor has recently 
said : 1 

‘‘The solution of the sludge problem is the most pressing 
quest ion of the day and a little practical assistance in this direc¬ 
tion from our scientists would be of much greater value than 
all the learned dissertations on theories and doctrines with which 
we have been favored in recent years,” 

The well-known authority, Barwise, has expressed a similar 
opinion , 2 

That the importance of these questions has been recognized 
in (Germany for some time was shown by the reports presented 
at the Fourteenth International Congress of Hygiene and Demog¬ 
raphy, held in Berlin, City Engineer Metzger (Bromberg) said 
there : 3 

“The many attempts to purify city sewage in the past, with 
the great activity that has been shown in relation thereto, 
would have led to better results if the resulting sludge were not 
a troublesome accompaniment, interfering with any satisfactory 

solution.In most towns.the removal of sludge was 

a brie noir , and many plants would have produced a more favor- 

* Thr Surrr/ior, 1009, No. 880, p. 27, 

“ Sydney liarwiso, Mod, Officer of Health, The Sanitary Record, 1909, p. 122, 

a 0w*. Ing. t 1008, No, 4, p. 50-52. 
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able impression if it had not been for the mountains of detritus. 
It was realized at last that all attempts to utilize sludge had 
led to unsatisfactory results. 

'‘The removal and utilization of sludge is of such importance 
that no plant should be completed until all questions of handling 
sludge while avoiding the known nuisances are finally decided. 

The principal trouble lies in the large amount of water, which 
is so difficult to remove. After it has been removed from the 
plant the sludge contains at least 70 per cent., usually 90 to 95 
per cent., and occasionally 99 per cent, of moisture and is a 
liquid mass. Every manipulation of the material, whether 
with the view of utilization,• storage or removal, is rendered more 
difficult and expensive by this ballast of water. 




THE DRYING OF SLUDGE 

CHAPTER I 


Necessity of Drying 

Utilization.— fhe value of sludge lies in the organic material 
contained in it-. Heretofore this has been used as a fertilizer, by 
recovering the contained grease or by converting its calorific 
value into heat. 

Fertilizing Value .—Its employment as a fertilizer has been 
most widespread. In small plants in an agricultural region the 
sludge can bo disposed of and it is often possible to secure a small 
revenue therefrom, especially where the soil is dry and sandy. 
In large cities the farmers will seldom take the sludge when it is 
wet. They usually demand a spadable product. 

The following example shows what; difficulties were encoun¬ 
tered in disposing of wet- sludge even a few years ago. 

The Uify of Kdinburgh, 1 Scotland, in fhe year LS92, sent 1521 
circulars to farmers in fhe neighborhood asking for proposals 
to take 5XJ00 funs (51,000 long tons)—/\c., fhe accumulation 
of a half year. 

Only 17 bids were received and all with flu; condition that the 
city pay for transportation, some even demanding a bonus for 
each ton removed. 

Other large cities without suitable laud for irrigation fields 
have had a, similar experience. The farmers either refused to 
Luke t he wet .dudge or demanded compensation. 

I fried sludge is more suitable for use as a fertilizer, but the cost 
is usually greater than the amount received. There are, to be 
sure. Mime except ions. In Kingston-on-fhe-Thames 3 (near 
London), sludge obtained by fhe A. B. 0. process (alum, blood, 
coal; ami then dried by heat, was sold as ‘‘Native (iuano M for 
about SI5.10 per ton (70 M. per 1000 kg.), a price strangely in 
eont rast to all other results. 

J Yt titi'u(h(n (/ tU r liunrt ntutfttnvh 1H{)2, N•>. 22, p. 210, 

11 Dpugkjo, Hanitttry firru>nl t Voi. X L» No. 972, p. 424. 
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Charlottenburg 1 , where an annual amount of about 23,(136 
cu. yds. (18,070 cbm.) of spadable sludge is obtained at the irriga¬ 
tion fields at Gatow, receives but 5.3 cts. per cubic yard (30 pfg. 
per cbm.). More than 9.1 cts. per cubic yard (50 pfg. per cbm.) 
is seldom paid and this, usually, only during the first years of 
operation. As soon as the farmers realize that the sludge must 
be disposed of they will offer nothing; and sometimes oven 
demand compensation. 

At Frankfort-on-the-Main the greatest difficulty was experi¬ 
enced merely to get rid of the spadable sludge. The large con¬ 
sumers demanded pay for cartage and the furnishing of labor for 
loading and unloading. 

At Cassel 2 sludge composted with sweepings is given away. 

At Leipzig, 3 also, where sludge is obtained by precipitation 
with iron salts and is comparatively cheap to dry, and where 
12 cts. (50 pfg.) per load is received, or, from the lessees of the 
city, 6 cts. (25 pfg.) [where they do their own loading, (5 cts. 
(25 pfg.) less] there have been paid for the cartage of dried sludge 
from its places of deposit and received therefor: 4 


Year 

Paid for cartage 

Received for sludge and 

, screenings 

% 

M. 

$ | 

M. 

1905. 

5,509.51 

23,149.22 

26.70 

112.20 

1906..! 

7,373.75 

30,982.15 

76.87 

823.00 

1907. 

7,308.64 

30,708.56 

81 .40 

312.00 

j 


As the expense of cartage from the drying beds represents only 
a portion of the costs chargeable to sludge—there being, in 
addition, the establishment and maintenance of the drying beds, 
erecting a structure for loading, which appears in the budget, for 
the year 1905, $2,483.68 (10,435.64 M.), besides interest and 

1 Geh. Med.-rat Prof. Dr. Salomon, Die atadtische AbwasHcrh(fH(‘i%urig in Deutschland, 
Vol. II, p. 180. 

2 Stadtbaurat Hopfncr and Dr. Paulmann, Die Schmutzwa«H<*rr«fininffungHmilanr.o d«»r 

Stadt Kassel. Vierleljahrsschrift fur gerichtl. Medtzin und ojjnitlichcx Hanitntntvr;H ■«, 
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sinking fund charges—this example shows how little we can count 
on a profit from the fertilizing value of sludge. 

One of the principal difficulties in the use of sludge for farming 
purposes is the fact that fertilizers are usually used only during 
the winter months. As soon as it became possible to produce 
from the sludge a firm fertilizer the feasibility of its transporta¬ 
tion was increased. The city of Frarikfort-on-the-Main has 
made experiments in this direction, and manufactured poudrette 
in, order to ascertain the cost of the process. Drying was neces¬ 
sary for this also. It was found, however, that even when it 
could be sold at market prices the excess in cost of manufacture 
amounted to $71,400 (300,000 M.) per annum. 

The farmers object to using fresh sludge on their fields con¬ 
stantly because of the nuisances which arise therefrom. Some¬ 
times it causes vermin to appear, it frequently brings the seeds 
of weeds and always much grease and cellulose. The latter 
makes the soil slimy, as has often been proven. 1 Efforts were 
then made to separate and destroy these materials, or at least to 
utilize them, especially the grease. 

Utilization of Grease .—Sludge contains grease in varying 
amounts. It comes in, sewage from wash water and other 
domestic refuse, from slaughter houses and from soap suds, and 
hence is found in the sludge. Based upon the dried. material 
there was found in LiiMich 3 18 per cent., in OasseF 15 percent., in 
Frankfort, 4 10.71 per cent. In Harburg 5 14.2 per cent, in raw 
sludge ami K.5 per cent, in centrifuged sludge. 6 

No use has as yet been discovered for the grease obtained from 
sludge. The large amount of water contained renders it too 
costly. The experiment at (kissel is well known. At a cost of 
$17,(100 (200,000 M.) a reduction plant was built where grease 
was recovered by the use of benzine after most of the water had 
been removed by filter presses, and the residue was used as a 



^ 1 Or. L. Haaek, Berlin. Vorwwlung tmd Bmdliftim# dew KlftrHchlammeH sluh don 

RcduigurigHftrditgm «tddtiwsli#r Abwitwer, (D>HundhoittdngoniMir. 1008, p* 5.1. 

“ I)r. Lurmnblo, I.o «o»t den mat loro; j khimhoh, etc. Iiovuo do Phygieno ol do police nani- 

f taint. 28 Ho. 10. 

'' Siadlbaurai Uopfner and I)r. Paul man n, Mitloilungon nun dor Kgl. PrufungnanHladl fur 
Wa-,-icrver;~. orgung mid Abw.iHmnrbeneitigung r.n Berlin. Pub. by Auk- Hirnchwald. Vol, I. 

* Or. Beehold and Or. Vow; Zur Kottgewinnung huh AbwuHHorn. Zeifnchr. f. ungow. 
ehomii*, 1008, p, 11 IK, 

u Ih^derungrdiaumeiHter Roiohlo anti Prof. Or. Thinning. VorHuehe mil (loin Hdfdnmm- 
oohleiider appamt S<*hafer-h*r Moor. Mitltulung a. d. Kgl Pritf. Anal. f. WaHHorvorn, 
uhw. Vol. X, p. 100. 

* Ditto, p. 154. 
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fertilizer. From 65 cu. yds. (50 cbm.) of wet sludge 6 1 /2 cu. yds. 
(5 cbm.) of dry sludge was expected, from which 1650 lbs. (750 
kg.) of crude grease and 10,750 lbs. (4885 kg.) fertilizing sludge 
was looked for. The latter was estimated at 32 1/2 cts. per 
100 lbs. (3 M. per 100 kg.) to be worth $34.88 (146.55 M.). From 
the crude grease 990 lbs. (450 kg.) refined grease was realized, 
which was estimated, at $4.87 per 100 lbs. (45 M. per 100 kg.) to 
be worth $48.20 (202.50 M.), and 495 lbs. (225 kg.) of tarry residue 
which was estimated at 41.6 cts. per 100 lbs. (2 M. per 100 kg.). 

The total revenue from 65 cu. yds. (50 cbm.) wet sludge was 
therefore estimated at $88.14 (353.55 M.). In spite of this 
the expenses were greater than the receipts, and the plant was 
abandoned and taken down. One reason for the failure, aside 
from,the high cost of drying, was that the grease obtained was 
not marketable, on account of its disagreeable odor. 

At Frankfort Bechold and Voss have made a very thorough 
study of the question of grease recovery, accompanied by many 
experiments. They avoid expensive drying and extract the 
grease from the wet sludge with benzine after treating with acid 
and heating to 140° to 158° F. (60° or 70° C.). Aside from the ex¬ 
perimental plant, which is said to have given good results, the 
method has not as yet been introduced. 

Experiments are also now being made by Ur. Grossmann at 
Oldham, near Manchester, to demonstrate the practicability of 
his method of recovering grease from sludge by distillation with 
steam. The method of Dr. Grossc-Bohle (Cologne) 1 by which 
sludge was heated to 122° F. (50° C.) to obtain the grease from 
the resulting scum has not yet been successful on a large scale. 

.If a substance contains 15 per cent, of grease, as is the case 
with the dried matter in fresh sludge, as shown by the analyses 
already given, the possibility of a profit is assured. As sludge 
contains from 90 to 95 per cent, of water, however, these figures, 
based on the wet material as delivered, will be materially de¬ 
creased. 15 per cent, of grease in the dried material is ordy 1.5 
per cent in the sludge 90 per cent, moisture, and 8.5 per cent, 
(centrifuge sludge from Harburg 2 ) is only 2.34 per cent, in sludge 
with 72.5 per cent, moisture. The water is here again the great 
stumbling block to utilization. The prospect of utilizing the 

1 Hofrat Dr. Friedrich, Kulurtochnischer WasHcrbau. 2nd Kd. Vol. II, i>. IH2. 

2 Inspected May 9, 1908. Seo also Dr. lug. Bruno Heine, Das Kiuial»ati(mnwerk <ler 
Stadt Cdpenick. Gcaundheit, 1909, No. 19,211. 
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groan** contained would be greatly increased by some cheap 
method of drying. 

Utilizing Ike Calorific Value of Sludge .—The drying of sludge 
is absolutely necessary to obtain its calorific, value. Two 
met,hods of doing this have been attempted: by direct com¬ 
bustion and by conversion into gas. Sludge without some 
addition is seldom combustible, even when thoroughly dried. 
Experiments made and the plants constructed so far deal ex¬ 
clusively with mixtures with dust or else sludge precipitated 
with combustible material (coal or peat). At Oopeniek 1 and 
Potsdam- lignite sludge obtained by Degener’s method (ground 
lignite and sulphate of alumina were thoroughly mixed with the 
sewage to be clarified) was used. In (Jbpenick the preliminary 
drying is accomplished in sludge tanks, the next step takes place 
under a large shed after removal and it is finally dried out at the 
feed openings of incinerators. The heat, generated is transformed 
jnfo electricity by steam power. In Potsdam the sewage is 
clarified in towers (Hothe-l)egener process) and the precipitated 
sludge is dried in liltor-presses, made into briquettes and in part 
sold as fuel and in part used in tin* generation of electricity as at 
(.'openirk. In both cast's coal is added to the sludge 1 . 

Efforts to obtain the calorific valine from such lignite sludge 
have frequently been made, c.g., by Heine 1 ' in the central office 
of the (icneral Electric (lo., at Berlin, and by Kcliury and Bujard' 1 
(peat clarified sludge) which have furnished good results. 

Hbh ring, 5 as well us Rcichle and Dost," have published ex¬ 
periments on the conversion of sludge into gas. Other experi¬ 
ments of t he kind have been made at Manchester. 7 No attempts 
to introduce this process on a large scale have been made." 

1 

v hinpwUHl May 1W, ami Nov, 2H t 

Dipl.-Iiitf. Bruno Hww», Nohnr die Kraeugung eloetrineher Fnorgus mil Hilfc* von 
bkoertaHon. Teeh. IIocdiNehulo, Berlin. 

4 Ifmumei.itor Nehury and I>r. Bujard, Torfhr<nklarv<»rmi<:h dor Hindi Whud,- 
»irf In «lttr Kohlebrei khimtdm* mi Mittollungen a, d. K#k IW.-Aukb f. Wan* 

mw, Vok VHI, p, HJk 

" r " Beit rage zur Beimgung von HUtdimchmi und Fabrikab wanner. Leipzig, 

HHH. 

Beiehks und I)r. I)oh 1. Belter Kehlauunverwortung dureh 
Var^a-funn, im.be-tondere beim Itothe-Degraienwheu Kohlhreiverfuhren. Mittcilung a. d. 
Kni, f. W amwnm, u. Abwiteerbew, Vol Vin, p, HO. 

Baurnt Bred t x<dni eider uud Dr. Thutnm. Dio Abwn.HHerreinigung in Knglnnd. JVIil- 
mlimm h. 4 Kgl FruL-Armb t Wrnmtv, mw, VoL Of, p, m, 

H AufWttze uber Sejiiamtnverbramung imd Vergamuig niehe lb Frank, Vergaming von 
AhwmmkHmfohmm* Qm, tn& 1907 1 p, 40U, <m<l Ktmkmhdm Tech* (Imn, 1005, No 
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Sludge is mixed with sweepings and burned in several place**' 
as at Bury, 1 where the sludge dried by filter presses is mix(? c 
with street sweepings in the proportion of 1:2 and burned i** 
Horsfall furnaces. This is also done at Hyde. 2 A large plat* 1 " 
of this kind has recently b^en put up at Frankfort, but the pro c * 
ess does not appear to be economical. An annual deficit 1** 
operating expenses of $17,612 (74,000 M.) was expected at th*' 
outset 3 as compared with the former minimum outlay for sludpS 4 " 
disposal, $6545 (27,500 M.). The burning of sludge has al^ f * 
been planned at Pforzheim. 4 

The advantages of this method are undeniable. One is 
more dependent on the good will of the former. The dispose 
of the sludge is assured and the nuisance overcome. No othf* 1 " 
method is so sanitary. Its general use is, however, prevented 
by the cost of drying. Here, more than with other method^ * 
it is clear that the sludge question is essentially a question 
drying. 

Removal . Dumping at Sea .—As long as drying is so expensive *» 
the burning of sludge may be classed with those methods 
disposal in which no profit can be expected, and of these, it *** 
the most costly. According to the Royal Commission oil 
Sewage Disposal 5 the cost of drying and burning is estimate** J 
at 35.7 cts. (1.50 M.) for one long ton (1015 kg.) of wet sludge ■ 
while carrying it to sea costs but about 3.6 cts. (0.15 M.) wh<*ii 
the distance is not too great. These methods are in use iti 
London (Barking and Crossness 6 ), at Manchester 7 and at Salford ^ 
and are proposed for several other places, e.g Belfast. Citify 
not situated directly on the sea can use this method (tho^# 
directly on the shore discharge their sewage untreated into tin 
water, as at Copenhagen) provided there is some direct waterway 
to the sea and that the distance is not too great; otherwise tJ*4 

1 Dr. Ing. Schiele. Abwasserbeseitigung von Gewerben, etc. Mitteilungen. a. *| 
Kgl Pruf.-Anst. f. Wasserv. usw. Vol. XI, p. 172. 

2 Idem, Vol XI, p. 781. 

3 Stadtrat Kolle und Stadtbauinspector Uhlfelder. Denkschrift fiber den Bau mm 
Miillverbrennungsanstalt zur Unschadlichmachung der Hausabf&lle und des Klarbeck**# i 
schlammes in Frankfort a. M., p. 25. 

4 Stadtbaumeister Herzberger und Dipl.-Ing. Morave. Projekt einer Mfillverbrennn** f| 
sanstalt mit Klaxschlammtrocknung fur die Stadt Pforzheim. Ges.-Ing, 1907, No. 40, j* 
649. 

5 Royal Commission on Sewage Disposal. 5th Hep. London, 1908. Wyman and Sr*fjy 
Ltd. 

0 Inspected May, 1907. 

7 Inspected Sept. 14, 1909. 

8 Inspected Sept. 14, 1909. 
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uu &es for transportation are excessive. At London the dis¬ 
place is about 62 miles (100 km.), at Manchester and Salford 
,) miles (80 km.). London has a whole fleet of sludge steamers, 
< . 1 of w hich holds 1120 tons (1000 long tons) and costs $142,800 

( 000,000 M.), besides large iron tanks where the sludge is stored 
pat il the arrival of the steamer. Manchester and Salford have 
( * iU orLe steamer. Three trips a week are made on an average. 
A OJO ton (600 long ton) steamer'cost $57,120 (240,000 M.) in 
for Salford. Removal there costs about 17 cts. per ton 
per long ton (1015 kg.)] of wet sludge; in Manchester, 
jn 1902-3, 16.6 cts. per ton (78 pfg. per long ton). 1 

Injllienee of Drying on the Cost of Removal .—The following 
considerations show how the removal of water reduces the 


cost of every method of disposal where there is a question of 
transportation: if 95 per cent, is reduced to 90 per cent, there 
yull be 9 parts of water to 1 part of dried matter, where before 
|h«*io were 19. There is, then, only 1/2 the original quantity 
f,o dispose of; with 80 per cent., 1/4; with 70 per cent., 1/6; 
vdth (JO per cent., 1/8; and with 50 per cent., 1/10. As fresh 
dud^o with 70 per cent., and septic sludge with 60 per cent. 
iitoiHiure, has attained a consistency where it can be handled, 
[ikn clump earth, and can be carried in any kind of wagon, drying 
to fI ub point has a great advantage. ' 

l*hieing on Land .—Drying is usually necessary when land 
tinstone! of the. sea is used as a dumping ground, partly on account 

tho smaller cost for transportation, which is much greater by 
und than by sea, partly to avoid the foul odors from the piled 
ip hI udge. Wet sludge, especially from sedimentation tanks, 
unitH a very foul smell after a short time, which can be recog- 
tb<*d for a Jong distance. By drying until it can be spaded 
lib difficulty is overcome. 

Thin is done at Hanover 2 after de-watering/by a centrifugal 

much inc. 

The drying of sludge is necessary to reduce the cost of trans¬ 
mit at Ion and to obtain its calorific value. It frequently renders 
1 available as a fertilizer. All nuisances and costs occasioned 
\v uludge would be reduced to a minimum if a dry product 
mold bo obtained. In the main, therefore, the sludge question 


ML Awhton (Manchester). Disposal and Utilization of Sewage Sludge. Surveyor , 
%l f 320 . 

® Innpooted Nov. 18, 1907, May 6, 1908, and Nov. 21,1908. 

0 
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is a question of drying. Sludge, lunvevor. k* a groat aversion 

to drying. 

Methods of Drying Different Kinds ok Slcdgk 

Classification of Methods, -Diffe.vnt, methods of ^m'ificulmn 
produce different kinds of sludge. lhesesim 
characteristics, especially in the matter o dryu.g. 

Mechanical methods of clarifying can be div.dcd mu> I d, 
methods” and “septic meti,o<ls,” a,s regards -he huai rondU o , 
of water and sludge. In the first, !>ut refaction is pm,<mtcd ,, 
order to keep the sewage fresh; m the second i • P " ’ 

digest the sludge. Between the two ,s . e -1 

or similar ones, where the sewage is kept ln*l», 1ml .1 
is subjected to thorough decomposition. 
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IJiiviiNu of Fresh Sludge 

Sourer. -Arrangements used in the fresh methods (sedimenta- 
fion and precipitat inn) jin* in general a widening of the eross- 
saefiun of the* ehannej, by which the* current in retarded. Mater¬ 
ial which is capable of settling is thus given the opportunity. 
r I h(‘S(‘ arrangements are in the form of tanks (horizontal move¬ 
ment of the wafer), or wells or towers (vertical movement), 
din* water, as a. rule, takes from 1 to 4 hours to pass through. 
Sludge which settles on account of its weight (plain sedimenta¬ 
tion) or whose separation Is increased or facilitated by the addi¬ 
tion. of chemicals to the sewage, causing the flacculent matter 
to settle (prerlpitat Ion nut hod) is removed before if putrefies. 
Tanks, for this purpose are usually entirely emptied. Wells 
ami towers are frequently so arranged that the sludge ean be 
removed under water by pumps or vacuum receivers without 
inferrupf ion of opera!ion. 

('haructerixticx of Frexh AY w/^r.—Fresh sludge is marked by 
the great amount of water contained. This is 90 to 95 per cent, 
on an average, according to data, given by Bredfsehneider and 
Thumm, 1 Imhnffg Dunbar/ 5 and von Schiele. 4 Reports on the 
examination of sludge from different plants confirm those figures. 
Thus in Cologne ( Jr<>sse~BohIe r> found between 9I.T1 per cent, 
and 95.57 per cent., and Tillmans 0 found at Frankfort-on-the- 
Main an average of 91.07 per cent. I have never found less 
than 90 per cent . t but often more up to 90 per cent, llonig 7 
found in Brunn the surprising amount, of 99 per cent. 

3 Oil* In Eriftlnnd. MU t«*ilung<»n u. d, Kgl, Pritf.-Awst. f. WitHHorv, 

iow t Vol, Iff, 

3 Dr, Inn:, ImhnfT. Oil* bidogLwhn Ab waMMormruKunm in 
DoiMOiIjiwI. MiUidl. »„ d» Fruf, Aunt, f, Wiimmjtv, umw, VoI, VII. 

4 Lwifailoi tnr <Ut* AimitMm*ri«nrdniitiiKwfnin<*. 

* Abwa«wlM%4f*itin:img vnri G«»W'f*rboi» nil*. MlH<nIunn<*a «, <1. Kgl. Fnif.-Anwl. f. Wan¬ 
ner v. nm\ Vol. XIII. 

* Ob* lVobokhrmitflnj<n s«* Koln-N’Md, MitMhmftert u. d. Knb Drub-Annl. f. Wmwrv. 
tow. Vol, IV. 

M Ob* Klariwditn** in Frank biff a, M, Wiiwnr tind AbwaMMori. Vol. I, j>. ,'120, 

(iewitifiutiK Vnrwcrfunft von HLddtbwhem Kl.irw’hlamm. (Jen, Inn., 1010. Non. 1 

mid 2, 
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On account of this large amount of water, fresh sludge from 
city sewage is a very liquid material. It can la (omcnti.iti 
after standing several days, when roily water appears at the 
surface, but it is seldom possible to reduce the moisture much 
below 90 per cent. More than half of the per cent, to 10 per 
cent, dried substance consists of organic matter. This decom¬ 
poses very readily, giving a characteristic indefinable pene¬ 
trating odor. The nuisances arising from this odor prevent the 
storing and further treatment at the plant, when the neighbor¬ 
hood has become built up. Disposal plants have therefore been 
placed at a great distance from the source of the sewage, and 
where for any reason this has not been done, the inhabitants 
have raised much objection. In Braunschweig, 1 the opera¬ 
tion of a plant where fresh sludge was produced, and where it, 
was to be dried, had to be abandoned. Since then the sewage 
has been spread on irrigation fields. 

At Frankfort-on-thc-Main 8 the odors were overcome In- 
spraying with tarry, floating oils (facilol and Belloform) and 
also covering the surface with peat. 

At other places, e.g., in Remscheid/* Imngensal/m and Audmr.- 
leben 4 (wells of the Mairieh system) attempts have been mad*’ 
to reduce the odor by placing the Kludge beds on hilR find pump¬ 
ing the sludge up at a great cost. The oiler was thus dispelled 
by the wind. 

Quantities of Fresh Sludge.— The unpleasant feature:, con¬ 
nected with sludge are so much felt because of the large *|unii« 
tities which accumulate. According to ImholT f a 0.32 gallotw 
(1.2 liters) of sludge with 95 per cent- moisture per inhabitant 
per day accumulate in plants of large 4 cities where the sedsmem 
tation process is used. For a city of 100,000 inhabitant- fhe* 
gives an annual amount of 50,000 cm yds. (43,00ft el urn/ of 
sludge which must be cared for. 

Drying .—As shown above, since drying reduces the volume, 
it is almost always a necessary preliminary in Hiring for sludge. 
Fresh sludge is obstinately opposed to drying. The main diffi¬ 
culty lies in overcoming the attraction of the colloidal sttbsf anees 
for water. These are present in the form of hydrnsols as well as 

1 Salomon. Dio Ht&dtische Abwuwarbi^tigiHi# In Dctifwhtfmci. W»I II, Cl. 

- Inspected I)oo. 7, 1908. 

:} Inspected Au«. 27, 1908, 

4 Inspected Dee. 4, 1908* 

B 1. c., p. 40. 
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hydrogels. According to van Bemmelen 1 the gels are mem¬ 
branes formed by precipitation which form a network of amor¬ 
phous connected parts which are swelled up by the liquid ab¬ 
sorbed. The structure of such “micells” is described by von 
Biitschli 2 as honeycombed. The hypothesis of a greatly en¬ 
larged surface would best explain the peculiarly stubborn reten¬ 
tion of water in fresh sludge. 

Drying in the air in Sedimentation Tanks. —Difficulties attend¬ 
ing the drying of sludge and the great expectations entertained 
have rendered the development of different methods most 
timely. 

The most primitive method—that of letting it lie in the tanks 
out of use in intermittent operation has been tried at the Konigs- 
berg 3 irrigation fields, where the foul odors from decomposition 
could do no harm. Two settling tanks used for preliminary 
clarification for irrigation, which were filled alternately with 
sludge, were used there as drying basins, as the farmers refused 
to take the wet sludge, even when it was given them. This 
method was soon seen to be unsuccessful. As was to be expected, 
the sludge did not become spadable when wanted, so that con¬ 
siderable cost was entailed for removing the wet material. 

The same method of drying, however, has been in use for years 
at Copenick, 4 near Berlin. Sludge procured by precipitation 
with large amounts of lignite and an addition of aluminum sul¬ 
phate is not to be compared with ordinary settled sludge in its 
physical attributes. 

In Special Tanks. —At other places, formerly at Braunschweig, 
Cassel, Frankfort and still in Wimbledon and Huddersfield, 5 
England, Essen, Iiemscheid and Elberfeld-Barmen, and recently 
in different English plants, Birmingham, e.g., special tanks are 
used, partly with paved or masonry sides, partly with simple 
earth embankments. This plan was abandoned at Cassel, be¬ 
cause the sludge would not become firm, in Braunschweig 6 
because of the bad odors. Dunbar writes about Wimbledon: 7 

1 Dr. Victor P6schl. EinfOhrung in die Kolloidschemie, Dresden. 1908. Von Bemmellen. 
Dio Absorption; Bildung und Struktur des Gels. Zcifcschrift f, anorg. Chemie, Vol. XVIII. 

2 Biitschli. TJntersuchungen uber Mikroskopische Schiiume und das Protoplasma. 
Leipsig, 1892. See also, Zeitschr. f. anorg, Chemie, Vol. XXIII, p. 326. 

3 Salomon. Die Abwasserbeseitigung in Deutschland, Vol. II, p. 696. 

4 Inspected May 9, 1908. 

5 Inspected May 13, 1909. 

0 Stadtische Festschrift fur die Teilnehmer an der Versammlung Deutscher Naturforscher 
und Aertze. Braunschweig, 1898. Ref. Salomon, Vol. II, p. 21. 

7 Prof. Dr. Dunbar. Leitfaden f. d. Abwasserreinigungsfrage, p. 376. 
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"It is difficult to separate the water from the sludge. All efforts 
to drain it have failed. If it is allowed to stand in open tanks 
with a porous bottom it is often months before it can be removed 
with, spades. Each rain reduces it to its original condition. In 
Wimbledon after six months’ treatment it formed a thick liquid 
mass of highly offensive character and 77.5 per cent, water. If 
this mass of sludge is deposited in lagoons, as is often done m 
England, the whole neighborhood suffers from the unbearable 

nuisance.” ... . „ 

In Essen sludge obtained by clarifying with lime m Rothe- 
Rockner towers is placed in gigantic earthen basins where it 
slowly digests. The water rising to the surface can be drawn 
off by some device. Odors are here exceptionally slight, as the 
hydrogen sulphide is combined with iron. This plant also is 
soon to be abandoned. 

The method was nearly the same at Frankfort. When it was 
seen how great the cost and how bad the conditions were, 
mechanical means of drying were resorted to. 

This method of drying was tried at Elberfeld-Barmen 1 in spite 
of the failures experienced elsewhere, and huge tanks weie built, 
which had to be increased in number at the end of a year, into 
which the fresh sludge was pumped. As was to be expected, the 
sludge required a long time to become spadable, and it became 

putrid. • - „„ 

Another example is seen in the wells of Mairich. there aie 
two such plants at Remscheid. In one the attempt is made to 
dry the sludge in tanks 3.3 ft. (1 m.) deep, where it is to drain 
through walls made of broken stone. Up to foeptembei, 1908, 
after it had been in operation two years, the sludge had not 
become spadable in any of the tanks. In the othei plant the 
draining was to take place through fascines. I hci e it was found 
that the decomposed sludge would not drain through the fine 
fascines, and simply ran through where they were loosely woven. 

Spreading in Thin Layers —Fresh sludge dries more quickly 
and without much decomposition where it is spread out hi thin 
layers. 

A method founded on this idea has been successfully used 
where the necessary areas are available, and where tin; odor causes 
no nuisance. The sludge is spread on sandy soil if possible. . It 
dries there, according to its condition and to the} weather in a few 

1 Inspected April, 1908. 
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days or weeks, and can then be dug under or carried off. This 
can best be done where, as at Charlottenburg, the sludge obtained 
from preliminary clarification is spread on irrigation fields. 

In Germany it is used at Mannheim and on several irrigation 
fields That it is not cheap even there is shown by the fact that in 
the year 1906 clarification of the daily amount of sewage, 
9,246,000 gallons (35,000 cbm.), cost $2530 (10,633 M.), while the 
removal of 92 to 105 cu. yds. (70 to 80 cbm.) sludge cost $5,572 
(23,410 M.)—more than twice as much—although the areas used 
for drying were in the immediate neighborhood of the plant. 

Similar experiments have been tried in recent years at Birming¬ 
ham, where the sludge was spread on fields to dry. It was shown 
that the sludge dried after a while, but such large areas were 
necessary that it became impracticable. 

Burying .—The so-called burying method, by which the sludge 
is dried and disposed of at the same time, is much used in Eng¬ 
land. The sludge is not spread upon the disposal areas, but 
pumped into dry furrows, where a large percentage of the mois¬ 
ture is absorbed into the loose soil; as soon as the sludge is firm 
enough to support the earth the furrows are filled in. If sludge 
that has decomposed under water is used, the same area can be 
used successively every three years, according to Travis, 1 as is 
done at Hampton 2 and Birmingham. 3 Where fresh sludge is 
used, and especially where chemical precipitation has been 
employed, this is not possible, as has been demonstrated at 
Birmingham and in experiments made by the Emscher Associa¬ 
tion, as the earth in which it is buried will not drain it. In 
Birmingham Dr. Dunbar 4 saw samples of lime sludge which had 
been buried more than 20 years and which retained the original 
fecal odor, and was as hard as blue clay. Sludge which had begun 
to putrify was buried, as an experiment, at Recklinghausen, and 
at the end of a year it had its original odor, and was sticky and 
slimy, while digested sludge could not be distinguished from 
humus. 

Fresh settled sludge, even when not precipitated with lime, 
dries very slowly in such ditches. I convinced myself of this at 
Birmingham. Unlimited areas were there covered with such 

1 W. Oven—Travis. Some observations relating to bacterial tanks operations. Trans. 
Soc. Civil and Mechanical Engrs. London, 1906. 

2 Inspected May, 1907. 

3 Inspected Sept. 15, 1909. 

4 Prof. Dr. Dunbar. Die Abwasserreinigung von Birmingham. Ges.-Ing. 1908. 
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sludge-filled ditches, and as no satisfactory results were achieved 
it was decided to return for the present, to the method, already 
mentioned, of storing in lagoons. . 

In Insterburg 1 sludge 8 days old is disposed of by this method 
■of burying, but nothing has been published as to the results 
obtained. It is doubtful whether the same ground can be used 
again for several years when sludge that is only partially decom¬ 
posed has been applied. If one is not obliged to use 'lie same 
area at short intervals, as in the case of small plants m agricul¬ 
tural regions, this method is free from objection a,ml is to be 
recommended. 

Composting. —Similar to the method of plowing under _ and 
burying, which involves a rough mixing of the wet sludge with a 
drier, porous substance—the earth—is a method much employed 
in small plants— he., mixing with street sweepings, or rompoM mg. 
This is done, e.g., at Gottingen and (kissel m Germany. Where 
these heaps of coppost are not quickly used by farmers they an*, 
of course, liable to become a nuisance. 

Filler-beds. —As fresh sludge may he considered as solid male- 
rial floating in a liquid, the next step was to separate tlm.m com¬ 
ponent parts by filtration. This, too, has been trier 1 at .htteren! 
places and with various modifications, but without mh-cc-.-, »t. 
least to the extent that the sludge, although separated out, Inter 
clogged the filter and decomposed. 

In Allensteln, 2 «.*/., the attempt was made to drain the wnter 
(90 per cent.) from, the sludge on carefully prepared gravel filter*. 
The filters soon became clogged, however, and tin* sludge decom¬ 
posing on it produced Hindi a nuisance by lonl odnm lhaf the plait 
had to be abandoned. 

In Bielefeld the detritus from the preliminary cleansing in 
preparation for irrigation is drained in a similar manner. In the 
report for the year 1905 the municipal authentic- Mate: 

(( The removal of the sludge nett ling out in the idarificnfioii 
tanks, in which large volumes deposit, causes difficulties which 
should not be underestimated. Iu designing new plants is 
strongly urged that drying beds ot ample size be provided, l lift 
original number is at present being increased by two more. It is 
hoped thus to effect a speedier removal of the sludge. The water 
drawn off from the drying beds is again clarified and used for 

iSalomon. Pto utadtlwchu th>uturh\un4, Vot th p mi, 

2 Salomon. Vol. II, p. 17. 
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irrigation, so that, the effluent, may be carried to the outfall in a 
clean condition.” 

In Leipzig 1 a part of the sludge, which in precipitated with 
salts of iron, is led into earthen lagoons. These have drain pipes 
laid on their level bottoms, over which is laid a 12-in. (30 cm.) 
layer of gravel, and on this are laid tiles with close or open joints, 
filled with sand. The water from the sludge filters through to 
the drain pipes end is brought to the plant for a second clarifica¬ 
tion. In summer the sludge often becomes spadablc in 2 months; 
in winter in -1 or f> months. As the tanks are inadequate the 
greater part of t he sludge has to be disposed of by being conveyed 
to an old river bed. 

These examples show that the mere filtration of fresh sludge is 
only feasible where there 1 are large areas and ample time for the 
process, and tlmt a nuisance from putrefaction may be expected. 
Means have therefore been sought to reduce the time and area 
required for flit rat ion. Filter-presses and centrifugal machines 
used in certain rheniical industries were recognized as such 
means. 

Filin' Filter presses have been employed for a long 

time at several plares as an experiment, cjj. , at Cassel and Frank¬ 
fort. The general conclusion is that they are expensive to 
maintain and operate and that- they possess little efficiency. At 
present they are only used in Germany with the lignite process, 
in Potsdam, Hpamlau and Tegel. In Potsdam it is some¬ 
times impossible to press (he lignite sludge; dry, although it is 
comparatively easy to separate it from the; wafer. According 
to r<*porfs furnished me, 8 to 10 per (and,, of the; pressed sludge 
is too moist, This, even when pressed info briquettes for fuel, 
become,- soft again in t lie rain, so that it is necessary to store; if 
under shelter. Filter presses an; no longer us<;d in Germany in 
large plants for the* purpose* of d<‘-wafe;ring fmsh settled sludge;. 

In Kngland, on the* contrary, filter pr<*sse;s are much used, 
especially where lime* is employed as a presdpitanf. Sludge; 
with lime* is more* easily pressed. Sludge; from plain sedimenta¬ 
tion usually requires a large addition of lime; entailing a gre*at 
expense. 

Drum Filters. - -The dry process, de*seribed by llonig, 2 which 

1 WnvalOtnp: Jit-richf <l/»r Simlt lAjmjt and Mimnlun^<*ri nun d<*rn Tiafbauurnl, Plan!, 

Dm*, 7, 1WR and May 10, HU0. 

M, Utnm> UctM»r (Umhmung md Vwwwtun# vwi Klftrnehlamm„ 

QmAti&f 1910, fi. 36, 
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has been tried at Brunn, is based upon filtration. The I> 
is produced by a vacuum under the filtering surface. ^ 

Centrifuges .—More recently great hopes have been V u 
centrifugal machines. 

The city of Frankfort-on-the-Main 1 has conducted yt 
haustive experiments with this method. It may now be 
operation on a large scale at Harburg, 2 Hanover 3 4 and Fra 

Modem centrifuges differ favorably from the old filter' 
in that all manual labor is avoided, so that the worh.ru t 
no longer come in contact with fresh sludge containm. 
matter or garbage. As yet little has been published rot 
the cost and efficiency of this process. Reichle and 1 1 
who have examined and described the centrifugal plant i 
burg, give as the cost of de-watering with centrifuges f 
per cubic yard (3.42 M. per cbm.) of dried sludge, wit 
presses 42 cts. per cubic yard (2.31 M. per cbm.) under 
conditions. As the cost was the principal objection to tl> 
duction of filter presses the outlook for centrifugal ina<* 
not very good. It is still worse because filter presses pr< 
drier sludge than centrifugal machines, and because tli 
produce a highly offensive liquid on account of the large 
of organic matter contained (according to the above ail t 
3.7 per cent, dried matter of which 91 per cent, is <> 
It is not to be compared with the liquid from filter pres 
can be seen at Harburg, Hanover and Frankfort. Tin; , 
usually a transparent, pale yellow liquid, as is seen at ] 
England, 5 6 while the effluent from centrifugal machines Ik 
watery sludge. 

In spite of these drawbacks centrifugal machines t 
employed where the agricultural utilization of sludgp 
practicable especially where there is no cheap land st 
for storing the wet sludge. Frankfort-on-the-Mairi ha.- 
chosen this method. 

Drying by Heat .—Three years ago an attempt wan i 
Potsdam to dry sludge by heat. The lignite sludge < 
there, which was first dried in filter presses, and whir*! 

1 Zeatrifugen. Sehafer-ter Meer System 

2 Inspected May 7, 1908. 

3 Inspected Nov. 18, 1908. 

4 Bauinspektor Reichle und Prof. Dr. Thiesing. Mitteilungen a. d. Kgl. 1*1 

Wassersorgung, etc. Vol. X. 

6 Inspected Sept. 13, 1909. 
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intended to used as fuel on account of the latent energy in the 
lignite, was manipulated experimentally in rotary ovens with 
fuel gas. Similar attempts are now being made at Frankfort for 
the further drying of centrifuged sludge containing about 70 
per cent, moisture. 

Electro-osmose. —Experiments have also been made at Frank¬ 
fort with the electro-osmose process of Count Schwerin, to de- 
water more easily slimy sludge which, as already mentioned, is 
difficult to dry. 

Dr. Tillmans 1 writes of this method that it prevents the 
colloidal condition of the sludge liquor for a while, but that this 
appears later. The current used is great but not prohibitive. 

More extensive experiments were to have been made at Frank¬ 
fort, but the results have not yet been published. 

Results of the Methods of Drying Already in Use. —As regards 
the results obtained the methods of drying of fresh sludge can be 
divided into two groups: those in which there is a steady drying 
but which are expensive to install and operate (filter presses and 
centrifugal machines) and those which cost less but give no 
assurance of effecting the desired result (draining, irrigation 
and burying). 

The problem of rational drying has not yet been solved. 
The septic process gives a better prospect of success. 

1 Dr. J. Tillmans, Zeitsehr. f. d. Unters. d. Nahrungs. u. Genussmittel. Vol. XIV (1907), 
Parts 1 and 2 






CHAPTER HI 

Drying Skptic' Tank Sludgk 

Source .— The apparatut* for septic, treat meiil diners from that 

for plain sedimentation by its greater size. 

Septic Tank Method.— The time of flow through septic* tanks 
is usually from 12 to 24 hours, during which it decomposes to a, 
greater or less extent, according to its composif ion. 1 he sludge 
is stored under water as long as possible*. I he capacity is 
generally arranged so that it can remain from U to 12 months. 
The easily disintegrated portions arc* removed !»v digestion. 
The gases which develop bring up particles of sludge which form 
a floating cover. The removal of sludge* is performed in the. 
same manner as with tanks for plain sediment at ion. 

Disadvantages of the ttjfhn 7/h—The original aim in tin* septic 
treatment was to clarify the sewage more* thoroughly limn was 
possible by plain sedimentation. To-day it is known’ that the* 
storage of the large quantities of sewage from a oily until it is 
entirely decomposed is pmedically impossible. It is still believed 
by many that permitting the sewage* to become* partially septic 
will produce as good a biological clarification as when treated 
in a fresh condition. That is not the case*; the* anaerobic bacteria 
are favored and the process of mluction initiated by the cus¬ 
tomary 12 to 24 hours' storage in sceptic funks. The reduction 
is indicated by the formation of Nib*, ILK and LIf *, and the* 
decrease of N 2 0 5 and N/) r With the* biological purification 
which follows, whether by irrigation, intermit tent sand tilt rat nap 
contact beds or the self-purification that fakes place in a ’tnrnm, 
active aerobic organisms are* required, and it proceed * a - a pu^" 
of oxidation. The activity of the* anaerobes must first be 
checked and the products of decomposition in the water must 
again be oxidized. Purification in therefore retarded by tin* 
septic process. Ltibbert says of this; 2 li A medium is Introduced 
into contact beds with the septic sewage which offers conditions 

1 Prof. Dr. Dunbar. Leitfaden fiir die j*j> 1;*7 ate! 110, 

Dr. Ltibbert. EinMhrung in die Frngc tier Ainvi^M i ra*i»XrifO'lti' d VcfOfrt 
PeutHcher-Ing., 1909, Non. 1—1. 

Dr. I^bbert. Di© AbwaeHerreningung im OmUfifr* Iffflg, p g#® 

2 Dr. Lubbert. 1. c. 
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diametrically opposed to those desired, and the work of the 
oxidizing micro-organisms is rendered more difficult if they are 
to conquer in a struggle in which their antagonists, the ferments 
and decomposing agencies, have the upper hand.' 7 

Another unpleasant result of the septic method is often the 
unsatisfactory sedimentation which takes place in the tanks. 
The gases rising from the sludge at the bottom interfere with the 
settling action and bring up flakes of sludge. Particles fall 
from the scum. In spite of all precautions, such as scum 
boards and the arrangement of the outlet openings far below the 
water surface, the effluent is not as clear as in plain sedimen¬ 
tation plants; it is thus sometimes necessary, as at Birmingham, 
to insert sedimentation tanks and roughing' filters between 
septic tanks and contact beds. 

Further, the septic effluent usually contains much sulphu- 
reted hydrogen which is dispersed in the air by the subsequent 
distribution of the sewage on contact beds, especially if this is 
done with a sprinkler nozzle or revolving sprinklers, producing 
much worse odors than the worst sludge. 

Sewage is, therefore, detrimentally affected by the septic 
treatment. In handling the sludge, however, decomposition 
offers distinct advantages. 

Advantages for the Sludge. —Sludge which lies submerged for 
months at a temperature not too low, undergoes a profound 
alteration. Its organic constituents are attacked by putre¬ 
faction and the products of decomposition partly disappear in 
the form of gas. There has been much discussion concerning 
the amount of sludge consumption and a large amount of liter¬ 
ature exists on the subject, but the question of amount does 
not touch the kernel of the matter. The quantity of organic 
material destroyed is much less important than whether the 
sludge acquires desired qualities by septic treatment. 

Characteristics of Septic Sludge. —Sludge' treated in efficient 
septic tanks differs from fresh sludge by its color, which is usually 
very black on account of the iron sulphide contained, by its 
less disagreeable odor, by its greater concentration—it contains 
20 per cent, of dried matter as compared with 5 to 10 per cent, 
in fresh sludge—and by the ease with which it drains. These 
last differences are most important in treatment. They arise 
from the destruction of the water-binding colloidal substances. 
They are of the utmost importance in drying. 
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Drying Septic Sludge.— Drying by burying, which m very 
difficult with fresh sludge, is easily accomplished with septic 
sludge. This method has been used in Hampton for the past, 

5 years. In Birmingham there were no difficulties with burying 
so long as septic sludge was produced. Drying on porous areas 
is more easily carried on than with fresh sludge, because if, 
drains so readily. In Unna 1 it became nearly spadable in the 
comparatively short time of from 4 to 0 weeks. In Miilhenu- 
Ruhr, 3 where it is piled 3.3 ft. (1 m.) high, it takes from S to 12 
weeks in summer to become spadable. Iresh sludge requite* 
as least one year. Septic sludge, on the other hand, is not so 
well adapted to treatment in filter presses 3 or centrifugal ma¬ 
chines. 4 This is of little consequence, however, as these costly 
devices are only resorted to when cheaper methods, such as 
draining the fresh sludge, fail. 

Decline of the Septic Method.— -Although the advantages of 
septic treatment have been known for years and been uniformly 
confirmed, it is steadily declining on account of its disadvantages 
and the cost of the plant 

The construction and maintenance of a septic treat meat plant 
are expensive, because the capacity required for the storage <>1 
the sewage must be taken at from (i to 12 times that, lor plain 
sedimentation—which is usually 2 to 4 hours. 

Large plants are constantly being converted from the septic 
tank process to plain sedimentation. In Manchester, v. </., whole 
rows of septic tanks—one-third of the entire installation have 
been changed to sedimentation tanks, and in Birmingham, also, 
which has the largest plant in the world, the greater number of 
the former septic tanks have been changed to tanks for plain 
sedimentation, in spite of the objectionable characteristic- of 
fresh sludge. 

Former advocates of the septic principle are now const met ing 
sedimentation plants, e.g., Travis at, Norwich 1 ’ in which not only 
is the sewage to remain fresh, but, by which the sludge is to be 
removed at short intervals, as in the process of plain sedimenta¬ 
tion. 

1 Inspected May 15, 1008. 

- Inspected May 15, 1000. 

3 Royal Com. on Sew. I lisp. 5th Rep. London, 100K. 

4 Nach Angaben der fIannoverschen Musehmcnbuu-A.-fL \t* rm. <»eurp; 14^’ ' "fa'if* 

trifugen System Schafer-fer M eer ) und Mi ft oil tinmen d„ KkI An ? i VV ;r * • i v„ 

U. AbwasserbeHeit. Vol, X, p. 102. 

6 Inspected Sept. 17, 1900. Lit: Surveyor, 1908. JS'ob. 855 and 850, p, 07*,?, 
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The Drying of Emscher Tank Sludge 

Emscher Tanks .—Midway between the sedimentation and 
septic processes of sewage purification and sludge treatment is 
the method exemplified by the Emscher tank The details of 
construction are made clear by various illustrations. 1 In the 
Emscher tank clarification takes place in a chamber from which 
the sludge is drawn off continuously and automatically. The 
liquid passes through the chamber in from one to two hours. 
Because of this brief period of clarification and the immediate 
removal of the sludge, putrefaction of the liquid occurs less than 
is often the case in treatment by sedimentation. 

Action in the Sludge Chamber .—The sludge flows from the 
sedimentation chamber into a well-shaped compartment below, 
in which it remains, on an average, two or three months. 

The processes which go on in this sludge chamber, so far as 
they have been ascertained, are essentially different from the 
putrefaction in ordinary septic tanks with currents passing 
through them; for the gases, escaping in large quantities, unlike 
those in septic tanks, contain very little hydrogen sulphide. They 
consist mostly of methane and carbonic acid. The apparent 
cause of this phenomenon is the fact that the liquid covering and 
surrounding the sludge is renewed to but a very slight extent. 
It becomes, accordingly, thoroughly septic very quickly. The 
albuminous matters that have been set free in it are decomposed 
and can form no more hydrogen sulphide. In septic treatment, 
on the other hand, fresh sewage is continually brought into 
contact with the putrefying sludge and decomposes, so that the 
suspended as well as the dissolved albuminous matters are con¬ 
tinually being acted upon, developing hydrogen sulphide. 

From the sludge itself either very little hydrogen sulphide is 
developed, or else it decomposes, or the sulphur is otherwise com¬ 
bined. Investigations of this question are now being taken up. 

Removal of Sludge .—The sludge is drawn off through iron 

1 1. Dr. Ing. Imhoff, D. R. P. No 187,723, Kl. 85. c. 

2. RogierungHl>autnoisier Holbing. Die Durchftihrung ties EmBchergpnoasenschaft 
gewetzes. Tech. Gem., Vol. X, No. 13. 

3. Baurat Middeldorf. Die Arbeiten der Emschergenossenschaft. Deutsche, Bau- 
zdtung, 1900. Nos. 78, 79, 81. 

4. Dr. Ing. Imhoff, A New Method of Treating Sewage. Surveyor , 1909. No. 905. 
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pipes which, reach to the bottom of the tanks and lea 
through the side of the tank about 3 1/3 ft. (1 m.) below tl 
face. When the valve closing the end of the pipe projector 
the tank is opened, the sludge is forced out by the weight 
liquid. This does not interrupt the process of clarificatio 
Character of the Sludge .—Experience has so far indicate 
sludge from Emscher tanks exhibits in a higher degree 
favorable properties of that from septic tanks. 

Amount of Moisture .—The water contained is decidedly 
in amount than that in sludge from septic tanks, althou 
Emscher sludge is always drawn off under water. In 10 ai 
of the digested sludge from the Kecklinghausen-Ost claiif 
plant (Table I) I found an average of 79.34 per cent, me: 
in 16 analyses from the Essen-Nordwest plant (lable 
average of 75.6 per cent., and in 6 analyses from the 13 
plant (Table III) an average of 75.88 per cent. Each o 
samples was an average sample from a larger amount of 
(52.3-123.0 cu. yds.=40-94 cu. m.). The greatest e 
of moisture found at Essen-Nordwest was 81.8 per cent. (( 
1909, when there was only a thin layer of sludge in the 
The least was 71.35 per cent. (May 8, 1909). Of the 16 t 
samples taken, 9 contained less than 75 per cent, moistun 

TABLE I (Condensed) 

Recklinghausen Clakification Plant. (6 Emscher Tan 
Summary of Analyses of Wet Decomposed Sludge from samp! 
from June 14, 1907, to July 26, 1909.___ 



Ave. 

Per cent. 

Max. 

Wet sludge 



Moisture contained. 

79.34 

84,2 

Dried material. 

20.66 

25.0 

Dried material 



Mineral matter. 

54.8 

64,4 

Organic matter.... 

45.2 

55.9 

Nitrogen. 

1.56 

1,71 

Fats 1 . 

6.41 

6,75 


1 Analyses made on two days only. 
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TABLE II (Condensed) 

Essen-N. W. Clarification Plant (9 Emscher Tanks) 

Summary of analyses of Wet Decomposed Sludge from samples taken 
from Apr. 8, 1909, to Oct. 11, 1909. 


Per cent. 



Ave. 

Max. 

Min. 

Wet sludge 




Moisture contained. 

75.6 

81.8 

71.35 

Dried material. 

24.4 

28.65 

18.2 

Dried material 




Mineral matter. 

45.08 

53.51 

37.6 

Organic matter. 

54.92 

! 62.4 

46’. 49 

Nitrogen. 

1.22 

1.43 

1.015 

Fats 1 . 

4.89 

7.36 

3.44 


1 Analyses made on seven days only. 


TABLE III (Condensed) 

Bochum Clarification Plant (18 Emscher Tanks) 


Summary of analyses of Wet and Decomposed Sludge from samples 
taken from Feb. 11, 1909, to Aug. 13, 1909. 




Per cent. 



Ave. 

Max. 

Min. 

Wet sludge 




Moisture contained. 

! 75.88 

79.71 

72.97 

Dried material.. 

24.12 

27.03 

20.29 

Dried material 




Mineral matter. 

59.49 

! 63.98 

49.3 

Organic matter. 

40.51 • 

50.7 

36.02 

Nitrogen.. 

1.102 

1.46 

0,87 

Fats 1 . 

8.73 

12.3 

5.82 

.............. 1 ■ 





1 Analyses made on four days only. 
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ANALYSES OF WET AND DECOMPOSED SLUDGE 

('InrHication Plant at 


Number of tanks, .. . 

Date. 

Wet sludge. 

Moisture contained 

Dried material. 

Dried material 

Mineral matter.... 

Organic matter.... 

Nitrogen. 

Fats. 

With 70 per cent, moisture Emseher sludge is still like gruel in 
consistency. It is completely mobile, flowing of itself in slightly 
inclined channels. It can also be raised from flu* bottom of the 
tank by means of an ordinary trench (membrane or diaphragm) 
pump. Fresh sludge of the same* degree of concent rat ion (70 per 
cent, moisture) is generally rather firm. 

This peculiar difference is in part due to the fact that the fibrous 
or clogging constituents are almost entirely (lest roved, ami in part, 
to the microscopic gas bubbles which take tin* place of the water 
between the separate particles of solid matter which, being sur¬ 
rounded by minute fluid films, renders the entire mass mobile. 

Odor. —The odor of wet Emscher sludge can only be detected 
near by, and is only noticeable when if has been warmed to IAS 
or 176° F. (70° or 80 ° 0.). It smells like rubber, or sometimes 
like tar or peptone. No disagreeable odors can be perceived a 
few feet away, even when tin* sludge is being drawn off 

Analytical data of the organic material, fats and nitrogen con¬ 
tained can be found in Tables I to III. 

Drying. —Only methods based upon drainage need be con¬ 
sidered with reference to the drying of sludge front Emscher 
tanks, according to the following experiments, as they show that 
these methods are the simplest and cheapest besides being par¬ 
ticularly adapted to Emscher tank sludge. 

Expkhimknth with Draintno 

General Remarks. —The question of the facility with which 
sludge which has decomposed under water may la* drained and 
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the reasons underlying this have not yet been thoroughly in¬ 
vest igated. At the experimental plant of the Emscher Associa- 
1 ion at Esseii-Ruhr in 1907, if was shown that the sludge received 
* here, when placed on porous material to a depth of about 10 in. 
(2d cm.) frequently became spadable in 8 to 10 days. 

The tank from which the sludge came was built in 1900 by 
Ban rut Middeldorf and Engineer Wattenberg after an English 
model -that of Travis at Hampton 1 (Middlesex). At the 
suggestion ol I)r. Imholf it was altered before being put into 
sei\ire so that, the chamber which received the sludge and where 
it was to decompose would, in distinction from the Travis tank, 
have no current of sewage; passing through it. This was, there¬ 
fore, the first application of the .IOmschor tank treatment. It 
differed in outward form from the true Emseher tank in being 
more shallow. 'I'llis has an unfavorable influence on flic con¬ 
tained moist ure and the time required for drying. 

'I'he amount of water contained is an important factor in the 
drying of sludge. The less water it contains the more quickly it 
dries. Fresh sludge often contains over 90 per cent, of wafer 
sometimes 9d to 97 per cent. That obtained from the shallow 
tanks of the experimental plant had an average of less than 90 
per cent. If. is therefore possible Unit the rapid drying was a 
result of the small amount of moisture contained and was due to 
evaporation rather than to drainage!. As no large amount of 
drainage wafer was observed, if was inferred that {training played 
no important part in the process of drying. After altering the 
<lrving beds I succeeded in securing and measuring large amounts 
of drainage water. 

EXI'KIUMKXT T 

7//c Drijiiiij lied .--The drying bod for the experimental plant 
is 05.0 ft. (20 m.j long and 1(1.4 ft. (5 m.) wide. 'I’he bottom is of 
lairly impervious clay and the walls of masonry in cement 
mortar. I f, is filled to about 20 in. (1 /2 m.) in depth with coarse 
boiler clinker, over which a layer of line clinker 0 in. (If, cm.) 
thick is spread. Drain pipes connecting at right angles with a 
collecting drain serve to draw off the writer. It is divided by 
planks into 5 compartments of 215 sq. ft. (20 qm.) each. 

Before tin* experiment was begun I altered the filling material 
* l)v, Travis, Hntiipfoft, 1005, No, 700. 
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and provided the basin with diagonal drainage in place of I In* 

original drain. 

Carrying Out the Experiment ,—July 8, 1907, 31.4 cu, y<U «2I 
cbm.) of digested sludge from (he experiment n\ tank was ]4;m«‘d 
on the drying bed thus prepared. The specific gnivit v of f he u ef, 
sludge was 1.033. 27,8 tons (24.*S long tons) were conscxjuenf ly 

delivered. The depth was about 9 1 /2 in. (24 cm.). Anahvt- *4 
an average sample of the wet sludge showed 92.31 per rent, 
moisture. Of the 27.8 tons (24.8 long terns), therefore, 2nJl tons 
(22.9 long tons) were water. The* sludge became spadable in K 
days. During this time 1833 gallons ((791 cbm.} of dndemo* 
water was obtained —30.Hi per cent, of the original amount of 
water. The firm sludge examined a few days later eonfaiued 
65.4 per cent, moisture, din* amount was (hen found to be 1.1 \ 
tons (3.7 long tons). It still contained 2,09 tons (2,4 long tons) 
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of water. The loss of water whs, therefore, 22.IH5 tons !2b,.1 
long tons). Of this, 7.77 tons (0.04 long tons), or 33.K5 per cent., 
ran off as drainage water. 

Tho graphic, representation of the results of tin* measurements 
made given in Fig. ill shows that the amount running off, begin¬ 
ning with 2(5.7 gallons (101 1.) per hour, row* in the course of the 
first day to 34.8 gallons (130 1.) per hour, and then gradually 
diminished, and that, the drainage was practically completed in 
5 days. Measurements taken duly 13 showed but 2.4 gallons 
(1 9.) per hour. Observations were continued until duly 17. 
The last measurements showed 0.53 gallon (2.1) per hour. 






DRYING OR SLUDGE 


149 


Remit .s.—Drainage was shown by this to play an important 
part in drying sludge. More than one-third of the water lost 
m i <h hod the place oi measuring as drainage water. Draining was 
praetieaily completed in the; first half of the 8 days taken for 
drying. 

1 he large, open drying bed wan not adapted to the precise 
determination of the relation of draining to evaporation, as it 
was neither protected from rain, nor had it an absolutely imper¬ 
vious Inundation; and as the amount of drainage water could not 
be directly measured, but had to be estimated from measure¬ 
ments t a ken several times daily, I therefore made experiments on 
a smaller scale with an apparatus which represented a fraction of 
an hhad drying bed. 

Apparatus. -In a water-tight glass box holding 2.5 cu. ft. 
(7I.) and provided with a faucet, was constructed a “filter- 
frame, 7 consist ing of slag, and resting on a grating; i.e. } pieces of 
slag were laid in o layers, each layer composed of finer fragments 
than the one below, so fhat the finer material would not fall 
through the interstices of the coarsen- layer below. The top layer 
was composed of washed Rhine sand 0.02 to 0.01 in. (1/2 to 1 /4 
mm.) in size*. A wooden frame holding 1 .05 cu. ft. (301.) covered 
with zinc, presses! firmly into the top layer, served to hold the 
sludge. 

1 he experiments were conducted in a shod, protected from the 
rain. 


Drainage WxmmiMENT II 

On the 18fh of July, 1007, 52,8 lbs. (24 kg.) of decomposeel 
sludge* from the experiment station were placed in the frame of 
the filter. 4he first of the* drainage water appeared in 1 1/2 

hours. 

The whole amount of the wafer drained off was retained and 
measured every 24 hours, .The results are given in Table IV, 
fhe first column showing the daily volume*, and the seeond 
column the sum of fhe volumes up to the day given, the 3rd 
and If !* the same* quantities in per cent, of the original amount 
of water contained in tin* sludge. 




The sludge became spadable In about H days. The eotnve uf 
drying was followed by tlic^ an a lysis of samples taken at intervals, 
A sample of the same sludge used in the experiment was pre¬ 
served in an open water-tight tub and analyzed at the end of fhe 
period. 

The results of the analyses at the beginning and end ttn well 

as the two between are given in the following table; 

TABLE V. 


OriwI material, Per mil 


Date 

Wafer. 

Per cent. 

Total 

Lom on iguithm 

Vmettil r* 

July 18. 

00.02 

o,:m 

1 4o ! 

V.# iH 

July 24... .. 

70.00 

20 40 

47 20 

« 2 HI 4 

Aug. 1. 

00.10 

ao Hi 

! ;i;, .vi 1 

til V# 

Aug. 7. 

7> 0.20 

44.80 

tm to 

mi mi 

The sample left, in 

-#"■■■■. 

the open tub 

showed 

[ the folk,wing eoi«|»n'*ifiop 


July 24. 

00 . or. 

o. or, 

mi m 

tut h% 


The drained sludge had been reduced in moisture from 90*02 
per cent, to 5(5.20 per emit. In 0 days (July 24) it hud been 
reduced to 79.0 per cent., while that in the tub, which lost only 
by evaporation, contained, after the name time urn! with equal 
depth, 90.05 per cent. 
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Drainage Water .The results of an analysis of the drainage 
water are as follows & 


TABLE VI. 

Examination of Water Drained off from July 27 to August 1 
Clear, Colorless, Odor Slightly Earthy. 


Parte per million 
= mg. per I. 


Residue from evaporation. 

Residue from ignition. 

Loss on ignition. 

Oxygen consumed (according to Kubel). 

Total nitrogen. 

Of which: Organic nitrogen. 

Nitrogen in ammonia. 

Nitrogen in nitrates and nitrites 
(NaO.t and NuOO . 


76.2 per cent. 
23.8 per cent. 
KMnOi consumed. 


When kept 10 days in a closed bottle at the temperature of the 
room no sulphuretted hydrogen was found. 

Results .—The water originally contained was, according to the 
analysis, 5.747 gallons (21.750 1). The total volume of water 
removed can only be estimated in a round-about way as the 
samples taken for analysis during the test reduced the amount 
of sludge present. Without material error we may consider the 
amount of mineral matter 2.945 lbs. (1.336 kg.) unchanged and 
find, then, as the final weight of the drained sludge 7.54 lbs. 
(3.42 kg.) and of the moisture contained 4.240 lbs. (1.923 kg.). 
We have, then: 

Reduction of sludge . 85.76 per cent. 

Reduction of water .91.25 per cent. 

There were drained off 2.682 gallons (10.1591). 

=*48.4 per cent, of the original volume of water. 

— 53.1 per cent, of the water removed. 

According to this there were evaporated 20.537 lbs. (9.314 kg.) 

of water: 


*=42.8 per cent, of the original volume of water. 
=*46.9 per cent, of the water removed. 
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This experiment therefore confirmed the results of the first 
experiment and, moreover, showed that the decomposed sludge 
of the experimental plant loses under favorable conditions for 
draining, more than half of the water removed in this way. 
A further disintegration of the organic matter goes on during 
the drying. Odors are not perceptible (if the sludge is stored 
up in the open air without draining; decomposition is not nearly 
so energetic). 

An analysis of the drainage water shows indications of bio¬ 
logical purification (putrescibility, nitrates knd nitrites) although 
the importance of this is lessened by the fact that the inference 
was drawn merely from a sample taken at the end of the experi¬ 
ment. 

Comparative Experiments with Fresh and Decomposed 

Sludge 

These experiments were made’ to ascertain whether there is 
any difference in the facility of drainage between fresh and 
decomposed sludge, and whether the superiority of our de¬ 
composed sludge in this respect is not due to the fact that the 
fresh sludge itself is exceptionally capable of being drained. 

Top Layer of the Draining Bed .—In the following experiments 
coal waste was used as a top layer instead of pulverized slag, 
a material that was cheap to procure in the Emscher district. 
92 per cent, of this covering material was composed of grains from 
2 to 4 mm. in size, 8 per cent, from 1 to 2 mm. 

This combustible material was used because of the intention 
to burn the sludge in some part of the Emscher district. In 
shoveling off the spadable sludge a portion of the top layer of 
the drying bed adheres to the sludge. If this top layer is com¬ 
bustible the calorific value of the sludge is increased; if not, it is 
reduced. 

Porosity of the Draining Beds. —The draining beds were ex¬ 
amined as to their porosity before the experiments were begun. 
Equal volumes of a preliminary dose of water were evenly flowed 
over the surfaces of the beds and the time and amount flowing 
off were noted. The porosity proved to be practically uniform 
as was to be expected with the similar construction of the beds. 
The beds were then allowed to dry for several days. 
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COMPARATIVE EXPERIMENTS WITH FRESH AND DECOMPOSED 
SLUDGE AT THE ESSEN EXPERIMENTAL PLANT. 


The results of the analyses were: 


Water 

Dried 

material 

Ash 

92.48% 

7.52% 

3-21%. 

Of the dried materia) 


42.7 % * 

89.44% 

10.56% 

6.13% 

Of the dried material! 


58.05% 


Loss by ignition 


4.31% \ Fresh 
57.3 % / sludge. 
4.43% 1 Decomposed 
41.95% J sludge. 


Forty-four pounds (20 kg.) of each kind of sludge was brought 
to the draining beds. It was found that no comparison could be 
made in this way, as the fresh sludge drained off immediately 
through the beds, while the decomposed sludge, as usual, only 
permitted clear drainage water to pass. As the two kinds of 
sludge did not differ greatly as to the water contained, this was 
rather surprising. The decomposed sludge looked somewhat 
thicker than the other. As was seen later this was caused 
less by concentration than by the gas contained. Decomposed 
sludge which is full of gas bubbles becomes foamy and viscous. 

It was thus impossible to compare the two sludges as to ease of 
draining. 

Fresh sludge may be concentrated to a considerable degree, 
as a large part of the water rises in a fairly clear condition to the 
surface after standing awhile and can then be drawn off by a 
siphon. Such a process is advantageous in two respects. In the 
first place, it is probably possible in this way to drain the sludge 
without its running through, and secondly, it was possible to 
assume approximately equal amounts of moisture, which is of 
importance in considering the quantity of the run-off measured 
in the process of draining. A direct comparison of the time 
taken for drying had to be abandoned under the conditions, as 
the fresh sludge was favored by the removal of a part of its 
moisture. 






154 


SEWAGE SLUDGE 


Comparative Experiments with Fresh and Decomposed 
Sludge at the Rechlinghausen-Ost Plant 

In ord.Gr to place tliG work on & broader basis, sludge fiom 
another plant—that at Rechlinghausen-Ost 1 —was used, which 
was constructed on the principle of the Enascher tanks. This 
furnishes a more concentrated decomposed sludge in its well 23 
ft. (7 m.) in depth than that from the experimental plant, 11 1/2 
ft. (3.5 m.) deep, which was not originally built as an Emscher 
tank. 

In order to expeririient with, samples containing so far as 
possible, an equal amount of moisture, fresh sludge was allowed 
to settle; the supernatant water was siphoned off and the com¬ 
parative experiments were begun. Analyses of the two kinds of 
sludge now showed that the desired equality of the contained 
waters had not been secured. The decomposed sludge contained 
77.4 per cent, of moisture, about the average at that time (77.G 
per cent.). The fresh sludge was not equally concentrated. 
The moisture (about 90 per cent.) had been reduced by siphoning 
but it still amounted to 80.35 per cent. _ Further examination 
showed that in other respects the compositions of the two kinds 
of sludge were not comparable, as the ash in the dried mateiial 
of the fresh sludge was 57.2 per cent., while the decomposed 
sludge contained but 50.58 per cent. 

Both ^differences were favorable to the fresh sludge, for wet 
sludge will give off more moisture, and sludge with less organic 
matter dries more easily. 

In the experiment described the attempt to measure directly 
the loss in weight of sludge by draining had to be abandoned. 
As no attempt had been made to take intermediate samples, this 
was now done. 

Execution op Comparative Experiments 

Forty-four pounds (20 kg.) of each of the two kinds of sludge 
were again weighed and placed on the two draining beds. 

The effluents from the draining beds were measured daily and 
analyzed from time to time'. The beds themselves were also 
weighed at intervals—10 times in all. The results of measuring 

1 At time of operation in Feb., 1907, about 28,000 inhabitants provided for. 5400 cbm. 
per day. Six tanks 6 in. in diameter and 7 m. deep. 
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and weighing are shown graphically in Fig. 32. This shows the 
summation of the volumes of effluent and the loss of weight. 

It shows how the fresh sludge which drained more quickly in 
the beginning on account of the large amount of moisture con¬ 
tained, was surpassed by the decomposed sludge on the second 
day. The difference increased up to the 4th day (April 29, 1908). 
Up to that time a thin layer of water rested on the surface of the 
fresh sludge. As the sludge underneath decreased in volume 
as the water was given off, contraction cracks appeared through 
which, in the two following days, the surface water could seep. 
The difference in the amounts of effluent was thus somewhat 



Fig. 32 .—Drainage of fresh, and decomposed sludge from the Kecklinghausen-Ost 
clarification plant. 


lessened. Although it decreased still more during the experi¬ 
ment, yet at the end it amounted to 0.24 gallons (0.9111.). Only 
40 per cent, of the original amount of fresh sludge appeared as 
drainage water to be measured, while of the decomposed sludge 
47.4 per cent, appeared. 

Results of Draining .—In spite of the greater amount of mois¬ 
ture, the fresh sludge gave up less water than decomposed sludge, 
even on this freshly prepared drying bed, i.e. } its drainage was 
inferior to that of the decomposed sludge. (As later experiments 
showed, the difference in practice is still greater, because the 
drying beds become clogged by the fresh sludge placed upon it. 
Decomposed sludge does not clog the beds.) 

The curve showing the reduction in weight is similar to, but 
differs from the volume of the effluent in that it includes the 
reduction by evaporation and by gasification. Moreover, as the 
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latter is greater in the case of decomposed sludge, the difference 
is greater than it would otherwise he. . 

Examination of Drainage ft ater.-—iesu '"fiVi!, "m 

of the drainage water are given m aide MI- “■ «'{luents 
of the first, second and sixth days of iresh, as well as ileco.n- 
posed, sludge were examined and oonipam .. ' ,l< n f ' " j 

kinds were found to be biologically pure-/.e they contained 
and produced no sulphuretted hydrogen, but (ltd eontam mt rates 

The difference between the two was best, shown m the residue 

on evaporation, and by its percentage of organic matter, which 
was much greater in fresh than in decomposed sludge. I he 
oxidability, according to Kuhel, shows the same t lung. 

Decomposed sludge therefore gives off drainage water of a 
more favorable composition than fresh sludge. . 

Drying .—Placing the beds under cover of a roof furnished an 
ideal condition for draining and for comparison 1m. nut for 
rapidity of drying. Although the deterring influence of ram 
was removed, evaporation was hindered by the lack of air ami 
sunshine. The desired data for a. comparison of the facility ot 
draining was obtained but the time required for drying was 
greatly increased. Decomposed sludge became spndable m 
16 days, which is a short time. Fresh sludge reached a smiilar 
consistency only after days, although it had been artificially 
dried—more than twice as long as the other. After the fresh 
sludge had become firm, the experiment was concluded and the 
average samples were analyzed. 1 aide V lII gives the results 
of the analyses from samples taken before beginning and after 
ending the experiment.. 


Rkhui/I's 

A. Fresh Sludge .—We may conclude front ilia experiment* 
that, for fresh sludge: 

1. If it is brought without preliminary rotimifration to 
freshly prepared drying beds, it is possible f hut if tnay run t hruuidi 
without being drained, even with a surf an* composed of grmns 
2 to 4 mm. in size. 

2. If, as in the second experiment, the sludge hns been r*in- 
centrated (it contained only 80.35 per rent. ittoNttref it cim be 
drained on freshly prepared beds, (Fraetieally it km at 1 m-; 





TAHI-K VII 

Compakative Expejumexts with Fbesh and Decomfuaed Slohse fhosi the Reckuxohacsex-Ost Clarificatiox Plaxt 

Examination of Drainage Wafer :1 
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time no value; first, because it is not practicable to obtain large 
amounts of fresh sludge with much less than 90 per cent, mois¬ 
ture; secondly, because the draining beds become clogged after 
fresh sludge has been placed on them). As a rule also, it gives 
out an unbearable odor, noticeable at a long distance, after 
about 3 days. 

3. Drainage water from fresh sludge becomes biologically 
pure after slowly percolating through the layer of slag, but 
still contains much organic matter in solution. 

B. Decomposed Sludge. —The loss of water by draining de¬ 
composed sludge was 80.9 per cent, of the total loss of moisture, 
so that only 19.1 per cent, of that lost was evaporated. 

C. Comparison of Fresh and Decomposed Sludge. —A com¬ 
parison by draining the two kinds of sludge shows that: 

1. Fresh sludge takes much longer to become spadable than 
decomposed sludge, even when it is at first partly de-watered 
(33 as compared with 16). 

2. Fresh sludge gives off much less drainage water than de¬ 
composed sludge, even when it contains more moisture (47.45 
per cent, as compared with 55.7 per cent.). 

3. Drainage water from decomposed sludge contains less 
organic matter than from fresh sludge. 

4. Decomposed sludge loses more organic matter by drainage 
than fresh sludge. 


Deductions- 

Provision should be made for drainage in constructing drying 
beds for decomposed sludge. The drain pipes should be large 
enough to furnish an unobstructed flow for the large amounts 
of effluent at the beginning. 

Drainage water from beds of fine slag requires no further 
treatment. It can be discharged into any stream. 


The Reasons for Facility in Draining 

The principal result of the experiments described was establish¬ 
ing the fact that decomposed sludge from Emscher tanks can be 
drained, i.e., it dries in a short time by parting with a large part 
of the water which disappears (to 80 per cent.) through the porous 
bed. It remains to find out what characteristics are required to 
render drainage easy. 
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^.---t 

while decomposed riutiee merely l,»t ,l» mmMmr. 11,. 

lies in the difference in eonccntnd inn. . 

With fresh sludge only the coarsest ingred,en,> reman, c, f ■l«‘ 

drainage surface at first, owing h> its fl»“l ,lu ' "; ' 

amount of contained water, while the h»,r 
penetrates to a greater or less depth in to 1m‘ _ 1 
some of it passing all the way through.. “* u> t * ' 

dense by the accumulation of the parUeles <,f slud.e - > ' 

trate the surface, no more passes through and at n « I 

an almost impenetrable, mass is formed of the e.nruin . • 

and the particles of sludge which, when U.e second or Him -im. 
of sludge is applied may, under some cnvitni.d unco . " 1,1 " 

thick that it offers a strong resistance to the pm- mm ..I 
TWc can then bo no question of draining inroin.i o m. 




The more concentrated septic sludge me! tie* thm., floamg 
digested sludge of Emscher tanks, on the contrail. do n"? po < 
through the filtering layers, but give off timir v.m-r. 

Destruction of Colloids,— According to the re-ub, «.t d.e.-eeoml 
experiment Emscher sludge drained more rapidly t hmi »'tdirndly 
concentrated fresh sludge from the same plant. >'*! r.me* 
largely to the fact, that the colloids in t he fresh idmli-e me pm t mlly 
destroyed (in digested sludge-Trans.,. l*r<-numbly tlm de. om ■ 
position caused by bacteria and enzymes which attach llmmimm*. 
material 'on the surface, is most apparent in >!m p.m r e life 
hydrogels filled with liquid with their enormoud,*. Imre 
The destruction of these diminishes I heir propoi v *«f holdup' 
water. As the sludge loses moisture it drains moo* m -ily. 

Destruction of Organic Matter.— The deduction of -uranic 
matter, such as fragments of animals and (thuds, which me found 
in the sewage from kitchen, garden and .daughter leni-c iu u \ 
takes place in the same way. These substance-, whi'di bind, and 
from the beginning contain, much water, are found only in vei y 
small quantities in decomposed dnd*„*e. 

The difference in the water content between fn-d, m-d decom¬ 
posed sludge shows how far the destruction of iim v~ at« i binding 
colloids and organic matter has progressed. \ ruiupmed with 
90 to 95 per cent, moisture in fresh sludge, 1 found, * «/ , in 
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Emscher sludge from the Recklinghausen plant an average of 
79.3 per cent., in sludge from the Essen-N. W. plant only 75.6 
per cent. Occasionally liquid sludge is obtained from Emscher 
tanks with nearly as little as 70 per cent, moisture, a concentra¬ 
tion equal to the spadable sludge from centrifugal' machines. 
On the 8th of April, 1909, in an average sample of 123.58 
cu. yds. (94.34 cbm.) of wet sludge drawn off under water, from 
the Essen-N. W. plant, e.p., I found 71.9 per cent, moisture; from 
another taken May 8,1909, of 85.1 cu. yds. (65.0 cbrm), 71.35 per 
cent, moisture, while, according to examinations made at the 
Royal Expei imental Station for "Water Supply and Sewage 
Disposal 1 , the spadable centrifuged sludge from Harburg con¬ 
tained between 69.7 and 74.2 per cent, moisture, an average of 
72.5 per cent. A sample taken by me at Harburg in 1908 
showed 08.8 pei cent. In Irankfort the fresh centrifuged sludge 
contained about 70 per cent, moisture (according to data fur¬ 
nished me there in 1908). 

The. destruction of water binding substances is shown also 
when in a spadable condition. 

Thus I found in 4 samples of Emscher sludge at Reckling- 
hausen-Ost which had just become spadable, an average of 
j 8.27 per cent., in 13 samples from Essen-N. W. an average of 
52.34 per cent. 

We may thus assume for spadable fresh sludge about 71 per 
cent, moisture, for spadable decomposed sludge about 55 per¬ 
cent. 

Gas Contained .—The ability of decomposed sludge to drain is 
materially assisted by the gas contained. As already mentioned, 
large quantities of gas are formed by the decomposition of sludge 
in Emscher tanks, which consists mainly (about 3/4) of methane 
and (about 1/4) of carbonic acid. These gases pass off as soon as 
large bubbles are formed from the original minute ones, as the 
former overcome the pressure of the overlying layer of sludge. 
A large volume of gas at one point is necessary to effect this. 
The bubbles remain in the viscous material until this occurs. 
At the greatest depth, about 33 ft. (10 m.) the gases are under a 
pressure of one atmosphere. If sludge is drawn off it comes 
filled with compressed gas. With' the release of pressure from 
this greater depth the volume of the bubbles increases, increasing 

1 ReicMe and Thiesing “ Mitteilung aus der Kgl. Prflf-Anst. fur Wasserv. und Abw&sser- 

beseitigung,” No. 10. 

11 
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the volume of the sludge. This, being full of these gas bubbles, 
is changed into a foaming mass. The increase in volume renders 
drainage more easy. The tendency to penctri.ie lh- ,urlace 
layer of the beds is reduced. The water in the Mudim pm^es 
through the channels formed by the disappearing «n>. -ceps 
down and drains off. If sludge freshly drawn from an Km.-rimr 
tank is allowed to stand in a glass cylinder (which may be con¬ 
sidered an impervious sludge bed) bubbles o( ga-- may !»• seen 
on the sides which gradually increase hi number and size. The 
volume then increases and a layer of clear water torm- at the 
bottom. The volume of sludge above t he water is not reduced as 



F 10 . 33, Fici, 34, Flu. 31 


it has a foamy structure, be., it contains a jrreuf nombm of ^if jjiII 
and large compartments filled with gas bubble^ Tlib bminy 
material, being lighter than walor, In forced up by ?lm water 
which settles to the bottom. If also spreads as tie* mt* bierem-es 
in volume. The volume of the whole is thus increased by more 
than that of the water at the bottom. 

Figs. 33 and 34 illustrate the process. The original imifii? of 
the sludge is indicated by the upper ed»e of flto strip *»t paper. 
The second cylinder shows how the wafer torn 00 ?led ufu*t 21 
hours and the entire volume is increased, Tie* thin laser of 
sludge at the bottom is composed of heavy par? telewhich are 
deposited later, as shown by tin* solid particles jir-t *inUny, 
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I his method increases the east; of drainage appreciably. The 
water ran filter through unhindered as it, reaches the porous cover¬ 
ing containing no sludge. 

Fresh sludge is just, the reverse in tin's respect. The water 
does not sink, lad, rises. Fig. 35 represents fresh sludge from the 
rhinfirafmn plant at Kssen 24 hours after being placed in the 
cylinder. 1 he upper edge of the paper indicates again the orig¬ 
inal surface of (he sludge. 11, can he seen that the sludge has 
not, risen ami that dirty wafer is on the hop. 

In order to show to what extent the, enclosed gases cause 
ihcse phenomena, in decomposed sludge and whether a subse¬ 
quent evolution of gas assists, I experimented with a sample of 
sludge front Kssen-.\. \V. by warming a portion of it for two 
hours at !Ml I*. (,;< ’ ('.), and .stirring it, frequently to remove the 
Larger gas bubbles ami t h<-n removing the gas as much, as possible 
by subjecting if to the vacuum produced by a good ejector while 
shnhing.it irequently. 4 he sludge sample so treated and an¬ 
other wit hoot having the gas removed were allowed to stand 24 
hours with as uniform a temperature as possible. 

The original amount .ami the increase in volume and the set¬ 
tled water were measured, 

TAHI/K IX 

Hi, cook Kitov Tank N’o. r> ok tii* Khmk.v-N. W. Pimnt 


l, lit origiiml condition 


L\ With c;i.h n*rr 



< ink, 


! «■«. 

—. - * . . ! 

tif hcidtootus o| 

<> mof; -lid* 

0,0H02 

a i r» 

, i i ! 

Afu»r *!4 ho> st') 

0 1 UK) d.’!0 

! 0.01W7 

Odd- 

Ittcm* *.o tn volume 

Rottc in |«t vm\, ot 

o o;;fi-i lid 

j U.OlOd 

i 40 

ontdti/il aiiioiitit j 

•7.7 he low. 

j id. 

7 nhovo. 

Water w‘|»;itHtod 

o ninr, ! 40 

I 0.0040 

i in 

Rhmm i« |i>**r root, of 1 

oriicttial amotm?, f 

it. m 

t 

4.7 <*» 


Tile tempera}lire at site beginning was 60 . 3 ° F. (lf>. 0 ° (!.) and 
at the end 5 <UO F. < 15 . 5 " 

1 ' n crhtiiml. !•»■» in original. 1 -t ,11 in oriKinnt. The forcjsninK n,Ilorati<mn miuln 

tf# von imfciti ri*bniif,g aa the original fi^urm tiro onroitoouM, Tr. 
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It is an astonishing fact that in spue of the cm removed I Into 
was a perceptible increase in volume, although fid,, wm nut 
(juite half so large as Indore, If is possible, eiIher that flic m, 
was not entirely removed and fliaf a, f hiclo*r ue *re w a fen layer 
had aeeuniulated in f he lower pail of tin* dmh-e, boring up i he 
lighter parts, or else that, on ;im»iaif of the action ,»f bacmriii 
and enzymes on tint sludge, t here was a fur? her dm clopmen? t #f 
gas, thus in (‘.reusing the volume, ITobabh both lio-r \ irws 
are true., 

Expkiuknck IX M KTHOUs OF Id? U \ JXo Wf L\t;M, Pi \ a 'l m 

Theses experiments show tha! with proper poTubmuy nmii 
merit (decomposition under water in deep \aide * . ImKe on 
drained drying beds may lie eudh separated into a ' padable 
earthy material and u harude e liquid u hirh ha • i lie ehm ame* 
istics of an effluent front contact hied*, The e evpmimcnw, 
although successful on a small wade, do not i t he t ion a* 
to the applicability of flib met hod to a term* plain, 

Drying sludge by draining lim been pramh eb on a Same • tad** 
at Reeklinghuuseu-dbf (28,000 inhabitant ,, I, > * u V \\ , 
(60,000 inhabitants) and Bochum (I *40,000 Johubbmc *, m i well 
as at several smaller plant o 1 he re mb • feme Pei ?, now b moo* 
favorable than was anf imputed. M mil n.swo Id i * am 11 d |e 
regarding the result* of timing at the imho aeo T h of fhe him 
large plants, that at Kerne \, \\ M coil-mob w, ope m dm * ugha * r 
Blunk, in so far ns if relate** to the mm* ur* m *)<ed*pih M f 
sludge and the time of dm hem in rommemnn vbn * ? owm for 
the contractors for the renewal of the ImRe bv tie* 

Emseher AsHociatiom Thom tin a me?oe?m It bc*m • Imwn 
in diagrams (not reproduced!. The jubmTI ww sieu wmd by 
Mr. Winter, Municipal Kiipefinfeieleip ti \ «Imbwui Tm at the 
Essen plant . 

Description of Dnjimj lit da Tin* drying tied at l/oaA, \\\ 
for sludge taken from a tank 2Tb b, m Il|(l ,f s , p ice ,meud 
meters below the surface of the gneind tun! j ruKNTdly btaiimd 
by an underground conduit laid pmTb J eJ?j§ ?!m uream to 
which it empties, and It an an midef b»Tm a dam, 1 he Smd ii 
supplied with drain pipe;, laid end to * ml, m bnewab *4 s/j |# 
0.8 ft. (2,n tod Hi. I * * Tiieo* lead in an of cm diw-h > mioouding 
the bed. Above the pip< n Ka layered jmnuc» la,a J ; a , yitetml 
thick, and above lids n liter n\ n a bed d e* **. In in, *2 umi 
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(hick. (Coke cinders arc sometimes used in place of the latter 
as they arc often cheaper). In recent plants having a sand 
catcher (he grit taken from this is used. As this contains no 
floating particles it need only he placed in thin layers. 

The drying bed is divided longitudinally by planks into 3 parts 
numbered 1, 11 and III. They are 340f>, 3411 and 3153 sq. ft! 
f322, 317, and 203 sip in.) in size. Kaeh has, along the middle, 
rails supported by piles for carrying the sludge away. The 
plant began operation in December, 1903. Sludge was placed 
on beds I and III April S, 1909, and on bed 11 April 10, 1909. 
In a short time (3 to .> days) if became spadable, but was not 
removed from t he beds until April 19, 1909. (Time of retention 
9 to 11 days.) 

Noth uv Translator 

In the '•’onelu.'ions drawn from these experiments no con¬ 
siders! ion jias been given to these first drainings, as it could not 
be determined definitely when tin* sludge became spadable. The 
result,; that were reached cover the period of a full year, ending 
.May 1, 1910. * 

The septic sludge received by the drying beds was as follows: 

Bud number 


Month, iWHi 


‘n, \ d i. 

* i*i«. 

i'u, >9id. 

Ohm. 

Oil. ydtf. 

Cbm. 

Cu. .V<J; 

&v* a 

271 d 

\Jl i 

224 , 2 

mo , t 

27.7 , 5 j 

112b. 8 

ab* i 

urn s 

JO 1. H 

202,4 

:s:sr :s 

257.1) 

(mo. 2 

271 ? 

207 7 

J.Ol ,2 

1 VS, H 

175,5 

124,2 , 

b 18.4 

2<h t 

i*vj a 

im.u 

2.77, H 

a 2b . r> 

2-1 1M> ! 

an .8 


The total for June, July and August was about 2350 cu. yds. 
(1930 cluu.) in 92 days, giving an average of 27.7 cu. yds. 
121.2 cbm.) of septic sludge per day containing a,bout 30 per cent, 
moist un*. 

AcroHinjr to Kpillrior mid Blimk 1 the moan daily flow of 
newa^e to fho W, plant whh, at the time under eon- 

Hidernfion fllKH) 10), m follow#: 

1 Twh, fkmmm l M V#»t XIH 
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Sewage from 60,000 persons . 
Wastes from Krupp’s works . 

Mine drainage. 

Coal washing water. 

Total 1 . 


2. 

77-1 

mil. 

gal. = 

= 10,500 

cbm. 

9. 

51 

mil. 

gal. = 

= 36,000 

cbm. 

0 . 

.261 

mil. 

gal. = 

= 1000 

cbm. 

0, 

.13 

mil. 

gal. = 

= 500 

cbm. 

12. 

. 68 

mil. 

gal- 1 

=48,000 

cbm. 


= 32.0% 
= 63.7% 


= 4.3% 
= 100 . 0 % 


If we assume this volume equivalent to that derived from a 
population of 65,000, we have: 


Volume of sewage per capita daily.194.8 gallons -738 lit. 

Volume of wet sludge per thousand persons 

. .426 cu. yds. = .320 cbm. 

Volume of wet sludge per million gallons 

. . 2.19 cu. yds. 

sewage. J 

Volume of wet sludge per cubic meter sewage, - 


The results of operation show that the expectations from the 
methods adopted for drainage have been realized. In spite of 
an unusually wet year, sludge averaging 9 m. (23 cm.) m depth, 
became spadable in 5.87 days. Sometimes, in dry weather it 
dried in 2 days, as May 11 (III) and May 20 (II); m September 

sometimes in one day. . 

In the 365 days under consideration, the drying beds were. 


I Occupied 236 days Empty 129 clays. 

II Occupied 246 days Empty 119 days. 

Ill Occupied 294 days Empty 81 days. 


These figures show that the beds were not completely utilized 
although their area was but about 9684 sq. ft. (900 sq. m.), 
making, for a population of 00,000, only 0.161 sq. ft. (0.015 sq. 
m.) per capita. The tables show, moreover, that sludge is 
seldom removed in winter. As it takes longer to decompose and 
to dry in winter than in summer, care was taken to provide as 
much storage capacity as possible in the deep sludge chambers in 
winter. In this way one is independent of the weather, as it is 
only necessary to discharge small quantities of sludge, and these 

at long intervals. . . 

Table X shows the changes which sludge undergoes m drain¬ 
ing. The amount was reduced 45 to 58 per cent, in weight, GO 
to 77 per cent, in moisture and 0.1 to 0.9 per cent, in dnee 
material. 


1 The Krupp wastes contain the sewage and water used in lavatories from, about 
workmen. The sewers are on the combined system. The disposal works coxuh i . ^ 

grit chambers, one coarse screen and nine Emscher tanks. These were bu.lt m 1907 8 
and put in operation November, 1908. 
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Thirteen analyses gave an average of 52.3 per cent, moisture 
in spadable sludge. 

Drainage Water— Drainage water, of which several samples 
were taken, showed the same favorable characteristics as in the 
experiments described. 

24 -Hour Samples .—In order to avoid any accidental errors in 
sampling and in order to show the changing composition of the 
drainage water in the course of the experiment, continuous 
average samples were taken on August 12 and 13, 1909. The 
samples, which were taken hourly from all of the 15 effluent 
drains, were mixed together for each 3-hour sample and ex¬ 
amined. The result of these analyses is given in Table XI. 


\ 


1 

s 

I 


TABLE XI 

Essen-Nokdwest Clarification Plant 


Drainage Water, August 12 and 13, 1909, from Bed III 



10.15 

1.15 

4.15 

7.15 

10.15 

1.15 

4.15 

7.15 

Time 

to 

to 

to 

to 

to 

to 

to 

to 


1.15 

4.15 

7.15 

10.15 

1,15 

4.15 

7.15 

10.15 

Gallons per period 1 . . 

296.0 

193.2 

186.4 

164.9 

142.7 

123.0 

88.9 

83.7 

Liters per period 1 . . . 

1,120.4 

731.4 

705.5 
Parts p 

624.0 
er Millio 

540.7 
a-Mg 

465.6 
per liter 

336.6 

316.7 

Residue on evapora- 







2,612.5 

2,560.0 

tion. 

2,713.5 

2,831.5 

2,935.5 

3,012.0 

2,863.0 

2,713.0 

Residue on ignition. . 

2,298.5 

2,440.5 

2,491.5 

2,578.5 

2,557,5 

2,427.5 

2,286.5 

2,229.0 

Loss on ignition. 

415.0 

391.0 

444.0 

433.5 

305.5 

285.5 

326.0 

331.0 

Chlorine.* 

426.0 

488.0 

520.0 

544.0 

556.0 

560.0 

556.0 

540.0 

Nitrogen, total. 

47.6 

47.6 

53.2 

47.6 

49.7 

' 51.8 

51,8 

49.0 

Nitrogen, m BUN.... 

21.0 

23.8 

23.1 

24.5 

30.1 

35.0 

36.4 

33.6 

Organic nitrogen.... 

0.7 

1.4 

3.5 

1.4 

2 .a 

2.1 

0.7 

1.4 

N in nitrates and 







14.7 

14.0 

nitrites. 

25.9 

22.4 

26.6 

21.7 

16.8 

14.7 

Suspended matter, 







194,2 

159.6 

total. 

79.6 

91.0 

69.6 

44.4 

* 46.2 

57.8 

Mineral. 

53.0 

64.8 

50.0 

27.8 

31.8 

41.6 

145.4 

116.8 

Organic. 

j 26.6 

26.2 

19.6 

16.6 

14.4 

16.2 

'48.8 

i 42.8 

Putrescibility 10 days 






Not 

Not 

Not 

storage in closed 

Not 

Not 

Not 

Not 

Not 

flask. 

putresc. 

putresc. putresc. putfeso. 

•c 

c*- 

i 

9 

putresc, 

putresc. 

putresc. 


It shows that the drainage water meets the demands of a 
biologically pure water, for the nitrogen is almost entirely 
mineralized and the liquids show no signs of putrefaction (H 2 S 
reaction) even when kept for 10 days in a closed bottle. 


j 



1 The word “ Stunde” is taken to mean period rather than hour, —Tr. 
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Drainage, therefore, fulfills nil expectulions front the experi¬ 
ments as h/time of drying and composition. It h employed at, 
the six plants now in operation in the hm-cher District. 

Removal, of Drained Sla/hje. At one of them plant.- tlleek- 
llnghausen-Osl) the drained sludge is sold »:■ a lertili/.er to the 
farmers at. 12cls. (.">» pigd per carl load <nt the.iumpim- pnomdi. 
In the yetirs during which this plant has been in operation, the 
demand has exceeded Hut .supply, so that the sludge i, mindly 
sold long before it is prepared. 

When no farming is carried on In the neighhnrhoud. drained 
sludge is used for filling in land, it is particularly »'•!! adapted 
to this tis it does not. soften with the rain .and i ■ » linn that large 
deposits of it- can be walked ott without sinking. 

At Ksscn-Xord, which was built this year, attempt, will he 

made to dry the ... dmbe from isti.nui! inhabitant' in 

furnaces, similar to those u.-rd for the incineration ( ,f Mteet 
Nwwpin^s. 

In tint 1." plants to he Imilt litis year in the Kut ehe-* (tj ttier, 
draining hetls for drying the sludge lutve ite< n plumed and ate, 
in ptirf, constructed. 
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INTRODUCTORY NOTH 


The foregoing paper by Dr.-In- Spillncr presents in a 
part, form tins results arrived at hy the Km,rhrr A, nmaUnn in 
the operation of the type of sedimentation tank devised by,Dr. 
Ing. IntholT for the Association up to the end of H'ltti. The 
viewpoint taken is, naturally, that of the xcieut i*t. mid the 
conclusions drawn are largely from chemical anti physical tests 
of samples taken during the. operation of the several treatment 

plantn. t , , 

Thin paper Ik now vary appropriately ^iippIt'iin‘iit«*o 1 >y mm 

bringing the subject up to the present, year writti n nv Dr -Ing. 
Spillner in conjunct ion with Mr. Blank, the en;dueer in rlintiot 
of operation. ‘This, therefore, not only has the advant u;;e of 
a lunger experience with this .mode of treating sewage,.and of 
the various comments and criticisms concerning the Km, chef 
tank that have been made during the pud year or twojmd 
which are, in effect, answered in this way, but, ot tin* additional 
opinions formed by one intimately connected with the plants 
in their varying conditions of actual operation. 

More or less matter in the original text b. abend necn-aiily, 
a repetition in new form of what win contained in Spillner * 
original paper. So far as consistent with the proper f"tinland 
interpretation of this later work ,-urh mat lei Inn b**<*n omitted 
in the translation, the reader being referred to the enilier paper. 

K. A. 










HKSn/rS OF THE OPERATION OF SOME OF 
THE MECHANICAL SEWAGE CLARIFI¬ 
CATION PLANTS OF THE EM S<TIER 
ASSOCIATION, 

M KASrilKMKNTK OF THE HlUDGE 

The quantity of sludge contained in each tank of the sewage 
clarification {>{aiits al Essen, Recklinghausen and Bochum wan 
nma uml at intervals of f <‘n days in order to control properly the 
treatment of tlie sludge. Those measurements were made* by 
sounding with a thin sheet, iron plate, as the surface of the sludge 
is ahvay\ horizontal and compact or dense enough to sustain the 
wehdit of the liidit plate. In this way I he depth of the super¬ 
incumbent liquid was readily determined, and Unmeet also the 
volume occupied by the sludge. Any decrease in this depth 
repreouif-. u corresponding increase in the volume of sludge. 
The quantity of water contained hi the sludge*, varies at different 
depth- in the mass, but the error in measurement caused thereby 
b balanced in t in* successive observations, as the proportion is 
approximately constant. These soundings are entered in a 
rpoidai boo!,, and the corresponding volumes of sludge are 
subsequent ly computed and recorded in the office. 

For convenience of inspection the records are also kept in 
diagram form* with the ordinates representing the total quantity 
of sludge deposited and the abscissas the number of days elapsed 
from tin* outset. The discharge of sludge,* from each tank is 
similarly recorded anti shown on the diagram. By properly 
connecting tin 1 successive points thus located, the diagram for 
each plant will exhibit two more or less irregular lines, of which 
the upper one shows hy smile the total volume of sludge de¬ 
posited, while the lower one shows the total volume of sludge 
dtwharyed, duee the day I hat tin* plant was put in operation; 
and flic volume of sludge contained in the tanks at any time 
will In* represented hy the difference between the ordinates of 
the upper and lower hue for that time or day. The diagram 
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also enables ns to determine approximately how Iona the sludge 
which was removed remained in the tank. r Ihis is done by 
simply moving t.o the left the ordinale ot the hover line until 
it coincides with the equal ordinate of file upper line, and noting 
the corresponding interval on the axis ot abscissae which .-hows 
the number of days. Several such diagram- are gi\en in the 
paper, but with one except ion are here omitted. 

For example, the diagram lor the Reddinghawen plant, 
shows that on April 20, .1009, the total depodf of sludge* was 
2009 eu, yds. (1995 cbm.), and that on the sinic day 59 m, yds. 
(45 cbm.) were discharged, the total previous discharge having 


3000 

« 2750 
<y 2500 
2250 
» 200° 
O 1750 
J: 1500 
X 1250 

c 

§ 

0 


tooo 


250 

0, 


■ 

T 




““ 






















: 

: 




y 

- 


































i 





























■r 

2 



»« 

/ 

. 


























■ 0 * 









, 























ft 


y 





t 


,, 

























1/ 




/ 

y 

■* : 






. 




















/ 
































/ 

> 




L. 




.i 

j 






..; 




■ 














b 

r . 1 



















.* 

..i 







> 


'J* 






"j. 

:P 















, 








- 

■w 



j, 





; 

7 











..* 










, 

*”1 

i 


1 

I 


I 

"i 

7 


3 

3 

■ 

1 

V 

it. H 

1 

I 

i 

ii 

: 1 


1 

m 

1 

1 


k- 


*190? * 


■■ISOS 




Cir#, ,'pp Itiiigmm Ut»iwmr awe c *4 m Up U*< f* * u 

f'liirilli’iifluri Minin 

The tipper line repieteuf * the mrr*W*‘ 4 e*‘l *h* 
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I i«i 

lower litip 


been 1910 cu. yds. (1 100 rhmb; hence on f hb day the aerwerufe 
discharge was 1910 (-59 19f*9 cu. ydu < 1 505 ilfuj, By 

moving this ordinate to the left tinfil it infer,'.eels the upper 
lints representing tin* total sludge depodfed, if nil! be found tltai 
1 his Intersection corresponds on f lie a\b of nlnthum to < hi 17, 
190K, thus iiulicating that I he sludre a huh vwt/ imam ed 
on April 20, 1909, had remained in the ftml tot a period of m 
months. In reality, however* the period of detent Jon in die 
tank is considerably less, its I fie dodge doe*, not deownd *n iiiout 
at a uniform rate from the surface to the mouth of the dbcluuge 
pipe in the* sump at the bottom of flit* lank, 
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Before and after any sludge in discharged from a tank, the 
position of its surface is always carefully noted by soundings, 
as above* described. The difference between these two measure¬ 
ments gives the quantity removed, which is checked by measur¬ 
ing; the depth of tin* mass at a number of places upon the level 
drying bed or filler. If made quickly, or before an appreciable 
(plantit\’ of water escapes into the underdrains of the bed, the 
two measurements agree closely. 

The amount of water in the discharged sludge varies with the 
depth of the tank and the age and chemical composition of the 
sludge. As will he shown subsequently, it contains on the 
average about 75 per cenf. of water as it leaves the hank; and 
after being allowed to drain for a few days upon the drying* beds, 
the quantity of moisture reduces to 52 per (‘(ml,, at JKsscn N. W. 
and b5 per cent. at Recklinghausen, or to 5<X per (amt. on the 
average. By this drainage the volume* of the* sludge is reduced 
about 10 per (’Hit., and it then becomes consistent enough, to be 
spadahie, or to he cut and handled with a shovel 

The nut hors exhibit in diagram form the results attained with 
tin* sludge of the* Kssen-N. W. plant for the year from April 1, 
I0OP, to April 1, 1910. There an* three separate sludge draining 
beds, and the observations relating to them during this period 
are dcnvn graphically. The several lines indicate the date and 
quantify of dodge discharged, and the subsequent date and 
volume when the sludge* had become spadable and was removed 
from tlit* drying bed; also the dept h of the rainfall and the date 
of Its occurrence, When first, taken from the tanks the sludge 
contained from 72 to 75 per cent, wafer, and when finally carried 
away from the beds it, contained from 55 to 00 per cent, water. 
The ab.mb>as indicate the number of days required for the sludge 
to become dry enough to handle with a shoved. Thus on October 
b, HHHR 95.fi cm yds, *72 ('bin.) of liquid sludge was discharged 
upon bed Xo. I, and only three days later it was found to bo 
Hjmdabhq its volume having reduced to 53.1 cm yds. (40.5 cbm.). 
In this short period the shrinkage in volume was 42.5 cm. yds. 
(32.5 cbm.) or 14,5 per cent. 

Another diagram shows the accumulated volumes of liquid and 
drained : Judge during tin* twelve* months mentioned, each by a 
continuous line or curve. It shows that during this time 7194 
cm yd*. (5500 cbm.) of liquid sludge had been discharged from 
the tanks, ami that this volume had been reduced by drainage 
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i .0 47(H) (*u. yds. (5000 dun.), thus making tin* average shrinkage 
in volume 45 pur cent. The prereeding diagrams also indicate a. 
large variation in the time required for the sludge to become 
spadable, but the reason therefor becomes evident on comparing 
these periods with the corresponding rainfall. Thus on July 15 
and 14, 10(H), all of t he beds had been filled with sludge, and in 
the afternoon of the fourteenth, an exre.-.dve rainfall occurred 
that yielded it depth of 1.54 in., and by the failure of an embank¬ 
ment caused the sludge beds to become covered wit h water to a 
depth of 8 in. In consequence of this accident the sludge in one 
of the beds did not- become spadable tint il July 27. a. period of 
14 days, although a much short or time sufficed in tin* other beds. 
Such cases, however, are exceptional, and the average period, 
including rainy weal her, is from 6 to 7 da\v. 

In dry summer weal her, the drainage or drying is frequently 
accomplished in two or three days, while in severe winter weather 
a somewhat longer time* is required, ns fhe wafer in the sludge 
may then freeze. This freezing is troublesome* as t he sludge after 
thawing is not only rendered nearly as wet as it was originally, 
but is also deprived of its contents of gases upon which the 
facility for quick drainage depends in high degree. This peculiar 
property was fully pointed out in a paper by 1 )r, linhoff, in 
Trchninchm (temcindchlutt f October 5, I!!!f! ? pp, 105 lOib In 
consequence of the escape of I he gases while I lie frozen titans is 
thawing, the wet sludge settles upon the surface of the bed, t here¬ 
by causing it to become clogged and compelling the water to rise 
to the top of tin* liquid mass, ns in the cum* of freshly deposited 
sludge. For this reason it becomes expedient fo discharge but 
little sludge in winter, and to make the ultimo use of flie storage 
capacity in the septic chambers of the deep tanks by withdrawing 
therefrom as much sludge m possible while the weal her is favor¬ 
able in the summer and autumn. 

The sludge beds of t he IvssemX. \\\ plant have an area of 1077 
sq. yds., and m the said period of twelve months they drained a 
volume of 5500 cbm., or 7105 cm yds., of liquid kludge. This in afc 
the rate of 0,08 cm yds, per square yard of surface per year, which 
represents a depth of 20,01 ft, on the cut ire nurfaer, line liquid 
sludge was deposited on the beds to n depth of from H to 10 in. 
at each application, thus requiring about 2# or 28 applications 
per year in order to drain the stated volume; ami «*- flu* average 
period of time required for dnunnge k about il days to each 
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application, it follows that the sludge beds must be in active use 
for an aggregate of 6X28 = 168 days per year. This computa¬ 
tion shows that in the climate of Essen ample time is available 
during the year for the repeated fillings, clearings and repairs of 
the sludge beds after due allowance for freezing weather in 
winter. 

At all the other plants of the Emscher Association, the experi¬ 
ence with the sewage sludge is similar to that at Essen-N. W., 
as described above. It should also be mentioned that at Reck¬ 
linghausen, Holzwickede and the colony at the Count Schwerin 
Mine, the drained sludge is taken away by neighboring farmers, 
while at Essen and Bochum, where little agriculture is carried on, 
it must be used for filling depressions and low places. [The 
populations tributary to the Recklinghausen, Holzwickede 
and mine colony plants are respectively 30,000, 3200 and 3100, 
while those tributary to the Essen-N. W. and Bochum plants 
are respectively 60,000 and 145,000. The aggregate dry- 
weather flow of sewage at the first three plants is about 2,460,000 
U. S. gallons per day, while at the last two plants it is about 
25,910,000 U. S. gallons per day and contains much mine drainage 
and ground water. The quantities of sludge produced annually 
at each plant are not given, but it is obvious that only a small 
proportion of the drained sludge finds agricultural utilization. 
Trans.] 

It is of much interest to compare the volume of the fresh sludge, 
as it is deposited in the settling chamber or upper portion of an 
Emscher tank, with that of the decomposed liquid sludge dis¬ 
charged from the bottom of the septic chamber, and also to 
determine how much of the original volume is left after the septic 
sludge has been drained or dried until it attains a consistency 
like that of moist earth which can be cut and handled with a 
shovel. Let us assume that the fresh sludge contains 95 per 
cent, water. After remaining for several weeks in the septic 
chamber, it will contain only 75 per cent, water, and about one- 
third of the original quantity of organic matter will have been 
gasified. In 100 cbm. of fresh sludge there will accordingly be 
5 cbm. of dry solid matter, of which 65 per cent, on the average, 
or 3.25 cbm., will be organic matter. Since one-third of this 
latter substance, or 1.08 cbm., becomes gasified, the remainder 
will be (3.25—1.08) =2.17 cbm. of organic matter. The mineral 
matter amounts to 5X0.35 = 1.75 cbm., and hence the original 
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volume of 5 dun, of dry solid matter is reduced to (2.17 -f 1.7d) = 
3.92 cbm., of which 5f> per cent. is organic and Id per cent. mineral 
matter. The septic sludge, however, contains 7d per cent, 
wafer; hence with this addition of water the 8.92 cbm, of 
resultant dry solid matter will have a volume of 8.92 v 1 Id.its 
cdum The original volume of 100 chin, of fresh dodge has 
thus reduced to a volume of 1 5.7 dun. of the liquid sepnV dudge 
yielded by an Emscher tank. This represents a r hrin leave in 
volume of about S4 per cent. 

Furthermore, this liquid septic sludge shrinks about -10 per 
cent, in. volume by drainage, upon the beds to a spadnbh* con¬ 
sistency. Its volume in the aforesaid rase Is thus reduced to 
15.7X0.0 = 9.4 cbm., and hence we have a total reduction in 
volume of (100 —9.*1) 90,0 cbm., nr nearly 91 per cent., of the 

original volume 4 of 100 ebm. of freshly deposited sludge. 

Examination of thk Leano See eon 

The data given in tlte tables refer to average samples of the 
sludger In collecting samples for examiimf ion, a small portion 
of the liquid Ls taken at regular intervals during fie* period of 
discharge as if (lows in the open trough on its way to tin* sludge 
bed, and by mixing together all these port ions an average sample 
is obtained. These average samples are plans! in fiiditly d*eerl 
jars arid brought to tin* laboratory, when 4 \ hey are mindly 
examined on the same day. Tin* examination generally em¬ 
braces the following deternunatmux; I. The external peeulinri 
ties and smell; 2, the amounts of eottianted water and dry 
matter; 3. the proport ions of organic and mineral mi! el a nee in 
the dry matter; 4. amount of total nitrogen in the dry matter; 
5. reaction, alkaline or acid; fk amount of fat in t he dry mat!er; 

7. amount of gas-making matter ami fixed carbon, by coking; 

8, amount of silica, iron and alumina in the ado 

The results of a number of Midi sludge nnaly * are ghen on 
pages of SpillneFs paper on ‘’‘The Lrylntf <4* kludge. * I lewe 
data are now supplemented by the fables given in the present 
paper. 

The sludge that is decomposed in tlie deop Kueeher tanks 
is very black in color, and has the ei*nd*t*‘iicy of a more or 
less thick grtmi. It is usually quite liquid, nod (low*> easily 

in a trough, In this slate it- is difficult for flu* unaided eye to 
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recognise the uni tire of fin various components. Its reaction is 
always slightly alkaline, it lias a faint odor of india-rubber 
or lar, oven in localities where the liquid wastes of coke and gas 
works are not admitted into the sewers. This tarry odor is due 
to the aeiivity ol certain micro-organisms, and is also found in 
well-decomposed river mud arid the sludge from other well- 
ripened sept ie t anks. 11, is always faint, and can be detected only 
in tin* immediate vicinity of the mass; lienee it cannot pollute 
the atunephere sufficiently to be regarded as a nuisance if the 
sludge is properly decomposed. 10very IOmscher or other septic 
tank, however, requires a certain period of time after being 
placed in service Inhere im operation becomes satisfactory, and 
therefore it. may happen t hut a serious nuisance will arise if the 
siudee b discharged too early upon the drainage beds. Such a 
condition occurred at two of our plants, Recklinghausen and 
Bochum, before we had learned by experience how to prevent it; 
but alter they had been in opera!ion a sufficient length of time 
the development oi all disagree*! hie odors ceased. If if becomes 
nore,-— ary for any rea on to discharge under,omposed sludge (lur¬ 
ing t hi'-' ripening period, the material should be treated like other 
freshly deposited sludge, such as quick burial in the ground. 
Tim large amount of gas contained in Rmschor tank sludge, 75 
per cent, of which is met harm (ril, { ) 7 and therefore combustible, 
and 25 per cent, carbonic acid (('( ) 3 ), has al ready been mentioned 
in Spill nebs earlier pa pen*. These gases also contain traces of 
hydrogen, nitrogen, ammonia, and sulphuretted hydrogen. The 
part played by these gases in rendering the sludge mobile and in 
facilitating its drainage and drying has also been explained. 

The specific gravity of the sludge obviously varies with the 
amount of gas present,. This Is demonstrated by the fact that 
from fline lo fhue large quantifies of sludge will detach them¬ 
selves front the biff tom of every septic tank and rise to the sur¬ 
face of the liquid, where* they discharge their contents of gas and 
t hen sink again to the hot form Kludge that is free of gas has a 
specific gravity of 1.09 to 1.22. 

RHaib of amdvve- are given in \he following Tables T, II and 
Ilf , relating to flic Recklinghausen, Msscn and .Bochum plants. 

In record to die analyses at Recklinghausen, if should be 
remarked that since the end of 190K this sludge cannot be con¬ 
sidered as annual Bmseher lank sludge, because the capacity 
of the plant has been greatly exceeded by the unexpectedly 
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rapid increase in the quantity of scwagr, and lienee llie time 
required for a thorough decomposition of (he .sludge is no lunger 
available. The quality of the sludge, moreover, is different 
from what. it. was formerly. No bud results, however, have yet 
appeared, as tin; change in quality is muuil'e.~|ed only by the 
larger water content of the sludge, and I he longer lime required 
for its drainage on the beds; lull it does not become putrid in 
drying, which is the main thing to be attained. It e. intended 
to relieve the (aides to some extent by lir.-t pa-Mie.: the .• ewage 
through a detritus ehamher which will extract the sand and 
other heavy matter. The rapid increase in the quantity of 
sewage from tin* other cities will also affect the remaining plants 
by reducing the time available for the decomposition of the 
sludge. 

Table 1 gives .‘10 analyses of liquid sludge from tin* 0 Kmscher 
tanks of the Recklinghausen plant, taken on l."» different days 
between June 14, 1007, and September 2, 1010, three or four 
analyses of the same date often relating to the sludge from 
different tanks; the depth of the tanks is not stated. The 
essential figures are as follow;-: 


TAI1LK 1 

ANADYBK8 of KMHFIIKit TANK St.i DM;, KfirHMM'IUS mx 



Iliiii., 


\V*-I j|(>> 

Witter foutwiD i»«*r mil 

m 

;§ 

7.V 

ii 

HJ, 


Dry imtUor, jwr mi*. . 

n 

u 

11 

7 

r; 

i 

tt’omjKdiwif of dry mm *or, r* ii 

m 

4 

40 

a 

m 

,? 

OrgfUiS« I'omjwmml of dry mu! N-r, ptr n-ao 

Mi 


as 

ti 

4M 

a 

Nitrogot* of dry manor, iwt 

a 

#ii 

i 

in 

i 

.74 

Fat mnpom-nt of dry mutter* frr mts 

in. 

,7tl 

II 

.17 

ii 

if# 


Table II gives 10 analyses of liquid sludge from the 0 Kne-eher 
tanks of tint Kssen-X. W. plant, taken on Id different days 
between April 4 attd October 11, l!f(l!t; 0 of these analyses refer* 

to either mixtures or averager, from 2 or 4 tank.\1I tla*;-e 

tanks are 1) m. ■ 2!).d ft. deep. The essentia) figures are fti 
follows: 


taLLU 
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TABLE II 


Analyses op Em sc her Tank Sludge. Essen 



Max. 

Min. 

Average 

Water content, per cent. 

81.8 

71.3 

75.6 

Dry matter, per cent. 

28.7 

18.2 

24.4 

Mineral component of dry matter, per cent... •.. 

53.5 

37.6 

45.1 

Organic component of dry matter, per cent... 

62.4 

46.5 

54.9 

Nitrogen component of dry matter, per cent. 

1.43 

1.02 

1.22 

Fat component of dry matter, per cent. 

7.36 

3.44 

4.95 


Table III gives 24 analyses of liquid sludge from the IS 
Emscher tanks of the Bochum plant, taken on 11 different days 
between February 11, 1909, and December 13, 1910. All of 
these analyses refer to single tanks; the depth of the tanks is not 
stated. The essential figures are as follows: 


TABLE III 

Analyses op Emschejr, Tank Sludge. Bochum 



Max. 

Min. 

Average 

Water content, per cent. 

83 

9 

70 

9 

78 

1 

Dry matter, per cent.. 

29 

1 

16 

1 

21 

9 

Mineral component of dry matter, per cent. 

71 

5 

49 

3 

61 

9 

Organic component of dry matter, per cent. 

50 

7 

28 

5 

38 

1 

Nitrogen component of dry matter, per cent. 

1 

50 

0 

87 

1 

18 

Fat component of dry matter, per cent. 

12. 

I 

.30 

3. 

53 

6, 

12 


It has been observed that the water content of the sludge 
depends in high degree on the depth of its surface (as determined 
by sounding in the manner described in the foregoing) below 
the surface of the water in the tank, and also upon the age of the 
sludge. If a tank contains only a small quantity of sludge, the 
presumption is that the sludge was deposited quite recently and 
that it will contain a relatively high percentage of water. This 
is always the case in our tanks at the end of summer, as they 
are operated so as to discharge as much sludge as can possibly 
be dried during the warm season, and thus make room in the 
tanks for the accumulation of sludge during the frosty days 
when it cannot be discharged upon the drainage beds. On the 
other hand, if the septic chambers are filled to a high level as 
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will be the case in plants of sufficient capacity to hold the sludge 
accumulations of from 2 to 4 months, the sludge will contain a 
very low percentage of water. The normal low percentage at 
the Bochum and Essen plants is about 73 per cent. 

The easy separation of the licpiid sludge into water and a 
spadable mass is explained not only by the action of the gases 
already mentioned, but also by the fact that the organic matter 
has undergone an extensive decomposition. Unfortunately a 
measure for this decomposition cannot be deduced from the 
available analyses, as the data are not sufficiently complete to 
admit of a comparison with the composition of the fresh sludge; 
but other investigations are now in progress from which it will 
be possible to make such a comparison. We can, however, form 
a rough estimate of the extent of the sludge destruction or 
digestion by considering the volume of the gases produced. 
Several measurements of this volume were made at Essen-N. W., 
and it was found that the plant yielded from 24,700 to 81,800 
cu. ft. (700 to 900 cbm.) of gases per day. The weight of such gas 
is about (1.6855 lbs. per cubic yard, or 0.0624 lbs. per cubic foot) 
(1 kg. per cbm.), and hence from 1540 to 1980 lbs. (700 to 900 kg.) 
of organic matter in the sludge were gasified every day. r Ihe 
records show that during that period the average daily produc¬ 
tion of decomposed liquid sludge was 18.31 cu. yds. (14 cbm.), 
of which 24 per cent, was dry matter; and as the specific gravity 
of the sludge is approximately 1.00, the daily yield of dry 
matter was accordingly 4.39 cu. yds. (3.36 cbm.) or 7407.5 lbs. 
(3360 kg.), of which about 55 per cent, or 4078.5 lbs. (1850 kg.) 
is of organic nature. Let us now assume that the loss or de¬ 
struction of organic matter in the sludge takes place exclusively 
by gasification, as we do not yet know the proportion thereof 
that is lost by becoming liquefied; this daily loss will then be 
represented by the aforesaid weight of lo40 to 1980 lbs. (/00 to 
900 kg.), or 1763.7 lbs. (800 kg.) on the average, of gas produced 
every day by the tanks. By adding this loss to the aforesaid 
residual organic matter in the decomposed liquid sludge, we will 
have for the daily quantity of organic matter that reaches the 
tanks: 4078.5 +1763.7 = 5842.2 lbs. (1850 + 800 ==2050 kg.). 
Prom this computation it is seen that about one-third of the 
organic matter contained in the fresh sludge is lost or destroyed 
by gasification. [Provided that no liquefaction occurs. It 
should also be remembered that these figures cannot be checked 
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by the actual amount of organic matter in the freshly deposited 
sludge, which was not ascertained. Trans.] 

The foregoing figures cannot be regarded as being generally 
correct, as they relate to only one plant and a few measurements 
of the gas there evolved. They afford, however, some means of 
estimating how much sludge is lost by gasification in a properly 
working Emscher tank located in our climate. Reference may 
also be made to the experiments of Favre and Spillner for deter¬ 
mining in another manner the loss of sludge by decomposition 
in a septic tank, published in Gesundheitsingenieur, 1907, p. 810 
and 1909, p. 825, respectively. 

The septic liquid sludge is a watery mixture of mineral and 
partly decomposed organic matter. On evaporation, the 
resulting dry matter has usually a gray color, but sometimes 
it is brownish-gray. It has little odor, and that which is devel¬ 
oped when heated to 212° F. usually resembles the odor of 
peptone. In most cases it contains few recognizable materials, 
but when such are found they' are commonly bristles, hairs, 
stems of grains, small twigs, scraps of leather, sand, small stones, 
and fragments of coal; bits of tinfoil, card-board, wood and 
lime, and fish-scales have also been found therein repeatedly. 

The determination of the total amount of nitrogen in the 
dry sludge is made regularly, in view of the utilization of this 
material as a fertilizer at some of the plants. The resulting 
figures have exceeded our expectations, the averages being 
1.22 per cent, at Essen-N. W., 1.39 per cent, at Bochum, and 
1.57 per cent, at Rechlinghausen. All of the spadable sludge 
produced at the latter plant has been sold for fertilizing pur¬ 
poses, and good results have been attained therewith. 

Many determinations of the amount of fat in the dry sludge 
were made, but it was found that it was considerably less than 
that of the fresh sludge in other cities. Thus from 16 to 17 per 
cent, of fat was obtained from the dry matter of the fresh sludge 
at Frankfort, 18 per cent, at Ltittich, 15 per cent, at Cassel and 
14 per cent, at Harburg, while the amount obtained from the 
dried sludge of the typical Emscher tanks at Essen-N. W. and 
Bochum was only from 3 to 7 per cent, in most cases. The 
difference must be ascribed to the decomposition attained in the 
latter plants. Inasmuch as the recovery of this fat has never 
proved profitable in other localities, it seems hopeless to attempt 
such a process where Emscher tanks are used. 
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Excepting the small proporlion (lint is used as fertilizer, the* 
bulk of the drained sludge produced bv the plants of I he Emseher 
Assoeation is used at, the present, t ime for filling depressions and 
low places. 

In regard to the mineral matter of the dry sludge, a. number 
of determinations of its principal components were made*. The 
averages found at, Essen-N. \\. an*: Si!).,, (».'>.lit) per cent.; bed ).,, 
n.d7 percent..; AU).,, li.oti percent. It thus appears that the 
mineral matter in the sludge consists chiefly ot sand. 


Examinations ok tub Duajnku Si.uixib 

The sludge is described as “spadabie" when it can be cut and 
handled with shovels on the drainage beds like moist earth, and 
bo loaded into the tram-cars provided for its transportation to 
other localities. For the purpose of examination a number of 
samples, depending on the size, of the drainage bed, are collected 
from different points and are then mixed together; the mixture 
is regarded ns representing an average sample of the material, 
and is then placed in an air-tight receptacle and taken to the 
laboratory. 'The examination is made in the same manner aa 
in the case of the liquid .-lodge. 

The surface of the spadabie sludge has usually a graveh brown 
color, while the remainder of the maw is mostly black. Its 
consistence varies from doughy to crumbly, according to the 
amount of moisture present, which hi turn depend.*' **n the state 
of the weather and the length of time allowed for drainage. In 
structure, the spadabie sludge from Kmwhor tank;*, it invariably 
somewhat spongy. On breakup; an air-dried cample, the 
ruptured surfaces exhibit numerous small envitie t mid pawnges 
penetrating the entire mass, which were formed by flu* bubbles 
of gas contained in the liquid sludge, am! nhviou 4,v facilitate 
both drainage and subsequent, drying in high degree. 

As the collection of a fairly representative simple of st large 
mass of partly dry sludge is a mutter of considerable difficulty, 
the examinations of spadabie sludge have not been in, numerous 
as those of the liquid sludge. Table IV give., the results of 
13 examinations of spadabie sludge at the Iweu-N, VV. plant, 
on 11 different days between April lit and Augmt 'Js, lfttitt; and 
with periods of drainage ranging from 11 to .'i daw, Tho 
essential figures art! as follows: 
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TABLE IV 

Analyses of Spadable Emscheb Tank Sludge. Essen-N. W. 



Max. 

Min. 

Average 

Water content, per cent. 

59.9 

47.7 

52.3 

Dry matter, per cent. 

52.3 

40.1 

47.7 

Mineral component of dry matter, per cent. 

54.2 

40.6 

46.6 

Organic component of dry matter, per cent. 

59.4 

45.8 

53.4 

Nitrogen component of dry matter, per cent. 

1.40 

1.01 

1.17 

Fat component of dry matter, per. cent. 

3.91 

3.02 

3.39 

Drainage period, number of days. 

11 

3 

7 


The results of 5 examinations of both the liquid sludge and the 
resulting spadable sludge at the Essen-N. W. plant, on the same 
number of days between May 25 and August 7, 1909, is given in 
Table X of Spillner’s paper, pages 167 and 168. 

The averages of the results found from the examinations 
(number not stated) of spadable sludge at the Bochum plant 
during the fiscal year 1910-1911 arc: 

Water content, 63.3 per cent.; dry matter, 36.7 per cent.; 
mineral component of dry matter, 64.4 per cent.; organic com¬ 
ponent of dry matter, 35.6 per cent.; nitrogen, 1.24 per cent.; 
fat, 6.91 per cent. 

Table V gives the results of 21 examinations of spadable 
sludge at the Recklinghausen plant, made on 9 different days 
between May 27,1908, and October 10, 1910. Two of these were 
made in 1908 and the remainder in 1910. The essential figures 
are as follows: 


TABLE Y 


Analyses of Spadable Emscheb Tank Sludge. Recklinghausen 



Max. 

Min. 

Average 

Water content, per cent.... 

73.6 

53.5 

65.2 

Dry matter, per cent.. 

46.5 

26.4 

34.8 

Mineral component of dry matter, per cent... 

65.4 ' 

41.2 

58.5 

Organic component of dry matter, per cent... 

! 58.8 

29.8 

41.5 

Nitrogen component of dry matter, per cent.. 

2.39 

0.95 

1.65 

Fat component of dry matter, per cent... 

10.30 

3.02 

5.28 

Drainage period, number of days.. 

22 | 

! 1 

4 

12.5 


It should be noted that the high average water content (65.2 

per cent.) of the spadable sludge at Recklinghausen, together' 

\ 
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with the long average drainage period ( 12.A day.** u is attributable 
to the overworking of the. plant and I In* nuo-equeut lark of 
thorough deeomposit ion of the dmhw. 

The (‘x:un in at ion of the dry manor of t ho drainod dudre is 
made in tdiet Sana 4 manner ay in t ho ran* ol ? ho liquid dmice. 
'Flics a, mount of organic manor is generally smmoyhaf le.m than 
that, in the liquid sludgy hut if may ho remarked that in vimv 
of the large quant it i(‘H of material examined, if is very difficult, 
to obtain concordant, samples, Experiments on a Mind! scale, 
however, have shown that Home organic nmtfer disappears hy 
gasification during the process of drabbnm A description 
of these latter experiments is given in Spiilnerkn earlier paper, 
pages lb I-104. Some instances of such in™ in drying tire a bo 
found in Table X of SpillnetAs paper relating fo the dndye of the 
Essen-N. \V. plant. 

This tables Iikmvi.se shows that I In* redinl ion in t lie nttiotittf of 
dry matter eontaim*d in the Ihftiid dffdmq caused hy drainage 
on the sludge beds, ranges from 0.Id to flddd per mif* After 
the Hpadable sludge has been removed to t h»* final dumping 
grounds, the process of decnmpndt ion eon?inueq altlioipdi 
slowly. No analyses have yet been timdo in re mud to t IiIh 
matter, but from the high temperatures (up tit 1 ‘J'J !\i that hunt 
occasionally been observed in such depodf n, if tint;A be con¬ 
cluded that further processes of decunipodiion are taldiu; place 
therein. 

Examination okthk hint in Ibmvx Fumm thk Sunn FiuMUMt 
OK AX KM.seHUU T\\h, AMMiin IhcU VOUI IVviMf 
Fiiom a no Su ten; Hen , 

A knowledge of the eompodfhas of the liquid in the septic 
chamber of an Kmseher lank b of sntmeU iho c \\ fa* operate 
such plaids, because thb liquid is couponed in the dnd?m that, 
is discharged from tin* tank, and is separated fherefrom in part* 
when the sludge reaches the drainage bed-y and thence liinla 
its way into the outfall. When a laid; b fma pn? in reivioy 
the septic chamber is filled with flic onvaye; but a*, there b no 
current in thin chamber, the oiif/iiiul volume of ouwaee soon 
becomes septic and undergoes fJcuouidi derMmpndtinn, after 
which if has little odor. A renewal of file liquid bv dhfndou 
from tin* sewage find flows tliroiitdi the upper chamber sit tint 
tank, or by the wafer that is inked with flm dodge which diops 
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into the septic chamber through the slot in the bottom of the 
upper chamber, is usually a very slow process; but when some ol 
the accumulated'sludge is discharged, its volume is necessarily 
replaced with fresh sewage from the upper chamber. 

The quantity of sludge discharged at one time, however, 
is always a very small fraction of the capacity of the septic 
chamber, and the liquid therein is then allowed to remain at 
rest for several weeks as a rule. During this time the fresh 
sewage that replaced the volume of previously discharged sludge 
is afforded ample time to become thoroughly decomposed. This 
process of decomposition is also accelerated by the constant 
rise of gas bubbles from the sludge below, whereby the liquid 
contents of the septic chamber becomes thoroughly intermixed. 

If a sample of the liquid in the septic chamber is taken mid¬ 
way between the floating scum at the top of the ventilating 
openings and the surface of the dense sludge at the bottom, it 
will be found to be black in color; and on being allowed to 
stand, the upper portion will gradually become clear while the 
lower portion will contain much sludge. In the tank a part 
of this sludge was being carried up by the ascending gas bubbles, 
and another part was in the act of settling again to the bottom. 
The averages of the results of a large number of analyses of 
such liquid is given in the following Table No. VI: 

TABLE VI 

Analyses or Liquid from Sludge Chamber of Emschkr Tanks 


Name of plant 


Reckling¬ 

hausen 


Ho chum 


I'Ihhcu" 
N, VV. 


Number of analyses made. . 

Transparency of the liquid . 

Reaction of the liquid . 

17 

...1 0 
...j Alkal 
. , , 1 183 

80 

0 

0 

1 . 07, 
Alkal. 

’A 

15 

0.34 
Alkal. 
‘M93 9 

Residue after evaporation, parte per million . 

. . . ! 990 

7 

2094 

1 

4662.2 

Residue after ignition, parts per million. 

693 

7 

2:179 

8 

3961.0 

Loss by ignition, parts per million.. 

397 

0 

214 

3 

700.3 

Suspended matters, parte per million . 

2171 

9 

SI 

8 

5670 . 2 

Suspended organic matter, parte per million .. 

1044 , 

,3 

18 

7 

3909 . 9 

Suspended mineral matter, parts per million . 

...j 1125, 

.6 


1 

1700.3 

Nitrates, parts per million . 

0 


0 


0 

Nitrites, parte per million .. ., .. 

0 


0 


i 0 

Total nitrogen, parts per million . 

'36, 

.3 

20. 

4 

70,4 

Nitrogen as ammonia (NH»), parts per million . 

27, 

.8 

20. 

, 0 

' 61,4 

Nitrogen as organic nitrogen, parts per million . 

S, 

.5 

4 . 

0 

9 . 0 

Sulphuretted hydrogen . 

Presen 

.t. 

Prone 

nt. 

! Presonl, 
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On comparing these figures with the corresponding analyses 
of the sewage in t in* upper chambers of t he Kmseher l an ks at l he 
tl)ree plants menf ioned, it, will bo soon that, f ho sept ie liquid 
contains considerably more dissolved matter than tin* so wane. 

As already stated, this septic liquid is mixed with the sludge 
that Is discharged upon the drainage* bods. Them beds are 
formed of a layer of slag or cimiers about- ,12 in. d**ep t over 
which another layer of fine-grained material is. placed. This 
upper layer absorbs the wafer that <1 rains out very slowly 
from the sludge, and gradually delivers It to the underlying 
stratum of cinders from which It escapes info tin* drain pipes. 
Both the upper stratum and the Imver one absorb intteh of the 
organic matters In the liquid, and these matters are then trans¬ 
formed or mineraked by tins micro-organisms In the inter¬ 
stices, in tint same way as in a contact bed or sprinkling fiber. 
This mineralised matter is then flushed out by the following 
water, and flows therewith into the undent rains, The water 
Issuing from the drain pipes Is thus biologically purified, and its 
character can bo estimated from the averages of ihe results of 
12 analyses of samples of the wafer taken from t he under-drains 
of the sludge beds of the Essen plant, given in Table VII, as 
follows: 


TABU-: VII 

Analyses or Wats a cuom r%aeeai?%i% oi Ss I»i !v> 4 w 



i';»»**♦ pMr 

iittibMti 

1 h rim c 

l # ii ft* pitp 
mil linn 

TmfiHpjimujy. 

. ,, 

: N»4»H > ’iM'l \ O , ^ 

e«* v, }p 

IWwbbw t'VHjiomiiou , 

. 2074,9. 

< \M«* I t \ M 1 


Kwltltw nft<*r itfuifion . , 

. ... win $ 

T‘C%| mtrwr* . . . . . . 

■V 4 

Low* by ignition.. 

....: ’14 i t 

, S^pigrh e .rntmmc * 

VH *| 

CJlitoriiie 

629,2 

i io S tjc % , 

;» l 

Hmpmdcd innUfm . 

124 >4 

s 1«e a ii 4 m ft »t * fi m 
• | ithC *’* ^ , 


SuHjwwIod orwuiiu mutt or, 

m . n 

m i 

Stwpocicd mlrtoml nmHor, 

. 76.« : 

; IV t# >> »*, .,, . , 

W piiHen 


These analyses relate in part, to wafers derived from tuber 

Enmeher tanks than those which furnbhed the .'ample.* of mpiic 
liquid cited in Table VI, ami lienee n direct eoinpmbon between 
the two results of analysis cannot be mmh\ The figures, how* 

ever, indicate plainly that n biological piirlfieufson has taken 
place, as shown by the presence of inflates and mini cm and ako 































SEWAUE CLARIFICATION PLANTS 


189 


by 1 lie* small quantity of organic nitrogen. This drain water 
ran fairly la; regarded as suitable for admission into almost any 
<mtfall, and even into such as are sensitive to pollution. It 
accordingly requires no further treatment, and differs in this 
respect greatly from the drainage waters of filter 'presses and 
centrifugal sludge driers. Its quantity, moreover, is very small, 
being only one. gallon to (‘very 10,000 gallons of sewage at 
Essen X. \\\. so that if may be; allowed to soak away into the 
ground at plants of moderate sijse. ♦ 


Yeahly Costs 


Tim total annual expenses of a sewage clarification plant 
cHiisist of the* interest and sinking fund charges on. the cost of the 
land and H rue{ ores, the charges for maintenance and renewals, 
and the usual out lays for supervision, labor and supplies. The 
figures for the Recklinghausen, Bochum and Essen N. W. 
plants, along with some other details, are exhibited in the fol¬ 
lowing Tabic VIII: 


TABLE VIII 


CiWT OF < UnatATION and Maintenance 



f 

lay i 

i 

Tola! | 


J TfibfC 

wither 

Total 

annual 

annual i 

N•HIM 1 * of phmi 

Wry 

, fiopsi 

flow of 

mwnw* 

cost per 
bond of 


i hi Ion 

mill. Mills.' 

lOtJlCttNIM 

papula > 


I 

per day ' 


lion 

§f*rMi?f#i mhhi , 

ijimww 

2 as 


hO, ()7Ha 

HuHium ... , 

I KpUOO 

id tj 

10,1«K ! 

o.orou 

i; \% , 


rj,w 

<u*v» 

0,1020 



Annual 

Annual 

Total 

OXpOUHO 

OXpCIlHO 

| annual 

for ope¬ 

for opera¬ 

aunt par 

ration, 

tion and 

million 

and | 

main to- 

1 caK 

mn in- 

juanee per 


tenanee 

head 

1 $2,71 

$ 7/50 

1 

| $0.02AO 

2. II 

| 2000 

j 0.02*1 S 

i ,:w 

! 2200 

0.02(57 


{It should bo noted that in all of these three plants neither the 
sewage nor the sludge is pumped, and that no chemicals are 
mod to induce preeipil at ion of sludge or disinfection of the efflu¬ 
ents; also I hat, the effluent from the settling chambers, which 
form the upper portions of the Hmscher tanks, is not subjected 
to any further tread merit whatever, but flows directly into the 
out fall No figures are given as to costs of land and construc¬ 
tions; nor are the stated annual costs applicable to American 
municipalities where materials, wages and labor are much higher 
than in (tcrmany,— frann,] 
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(..lENKHAU KUSVLTS 

If nil connections between the sewers and privy vaults nr ress- 
pools are abolished, the water-carried will rear]] t he 

disposal plant in a Iren It eondif inn. The t emperaf mv of flu* 
sewage in winter in high enough to prevent its freezing in the 
plant. [Tlte lowest tempera!ure of fhe air at then* plants during 
the 14 months from January I, 19(H), to March I, i 9 f n, \vm about 
14° F., and prevailed for only two or three eon-erutivc d;sy>; 
the tempera!ure diagrams given in the paper >how that the 
temperature of the air was below the freezing-point (22'' F.) 
on from, 12 to 20 days in the aggregate during; fliF period. 
Tram.] 

If the sewage is not sept iY when it reaehes flu* plant* it will not 
become septic* during its passage through the upper settling 
chambers of tin* Homelier tanks. (The eylindrieal tanks ant 
combined into groups of three at, the plants men*hated, thus 
making the length of each continuous set Hina chamber about, 
100 ft., and the time allowed for tin* sewage to truwum* ihis 
distance* ranges from 20 to 20 minutes on t he n\ era re in dry 
weather. When the volume* of sewage is increased by rainfall, 
the* time* of passage* is reduced. Woe. ,J 

Tests for put rescibility of nd\l sires of the effluent with the 
unpolluted water of the* several small streams info fitted the 
clarified sewage* is discharged, show that offem ire odnjw are not 
ele*ve4oped in a mixture* <4 equal pnrH of effluent and clean wafer, 
anel sometimes not in a nu\f ure* of two parb- of effluent to one of 
chain water, eve*n when kept- standing in an incubator, The 
putrefaction of tin* stream is therefore not to be apprehended. 

If the time* of flow through the aforesaid settling chamber is 
not less than 42 minutes, about 92 per cent, on the average of 
tint entire volume of sedimentable manor In tin* ewuge will be 
deposited in the septic chambers underneath. The effluent 
will accordingly contain not unite than one minute of osiimcnf 
able matter in 21)99 erpm! volume^ of the liquid. JTlie teun 
“sedimentable matter’* applies Io I la* dinlge or n-dmiriff which 
settles In the* course of 2 hours into ihe hover pmt of a rccejt* 
facie filled with crude sewage and left midi 4 orbed, 72 oe a j 
(2ml dust requires a much longer lime for -unbone^ limit 
tint sludge of domestic sewage; in experiment.*: uill* fine eon! 
dust if was found flint from 4 to S hour* were neee oir\ for its 
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s<‘flimentatinn. If is therefore important, to exclude from 
fho sewers all wut ers t had luive been used for washing coal and 
rnko and have not undergone long sedimentation. 

When fhe volume of sewage is largely increased by storm 
water, no appreciable quantity of sludge can bo flushed out 
from an Kmscher lank, because the sludge does not accumulate 
in the settling ehamber through which the sewage flows, but 
drops at once into the septic chamber below where it remains 
undisturbed by the current in the upper chamber. 

dim volume ot the fresh sludge deposited in an Kmscher tank 
is redueed about So per cent, by the process of decomposition in 
the septj<* chamber. From 25 to 50 per cent, of the dry matter 
contained in the 1 resit sludge* will be destroyed by gasification, 
Tim gases thus produced consist mostly of methane (CH 4 ) and 
carbonic acid (TO,,). Offensive odors are not developed in the 
process of gasification. The rest of the reduction in, the volume 
of the kludge is principally due to the diminution of its content 
of wafer. The, proport ion lost by liquefaction is as yet unknown. 

The drying or draining of the sludge to a spadable consist¬ 
ency upon suitable beds is accomplished in 0 days on the average, 
A depth of from K to JO in. of liquid sludge is deposited on the 
beds each time they are used. In the course of the drying 
process the volume of the sludge is redueed about 25 per cent. 
1 luring a year an aggregate depth of 20 ft. of liquid sludge is 
applied to each bed. After the spadable sludge reaches the 
dumping ground, it is gradually transformed info an earthy 
MilrOance, The drainage water from the sludge beds is bio¬ 
logically purified in passing through them. 

The rost of clarifying sewage with Flmscher tanks is small, 
as seen from the preceding fable* 
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SU'IX.K TREATMENT IN THE 
IGNITED STATES 


L Amkhkjan SewAOR 

In applying data of sewage purification the character of the 
sewage itself is of first importance: in particular, its composition 
ami age. If should be borne* in mind that results obtained under 
European conditions, where a water consumption of about 
dO gallons per eapita daily is a usual amount, may be quite 
different under American conditions, when* a water consumption 
of 100 or even I2o gallons per capita daily is not uncommon. 
So, fno, a distinction Is necessary between sewages from com¬ 
bined and separate systems, the former being greatly diluted 
and increased in volume during rainy weather, besides bringing 
with if much grit, from the* street surface's. Trade wastes, when 
produced in excessive amounts, often constitute ■ a special 
problem, either when taken in combination with the ordinary 
sewage or when tnutted independently; but ordinarily their 
influence is not sufficient to determine the method of puri¬ 
fication to be adopted. 

Idie amount of the impurities to be dealt with in the case of 
dry-weather or domestic sewage depends on the population 
served rather than on the volume of liquid, so that in questions 
relating to sludge t reatment populations are generally preferable 
as a basis of computation rather than volumes of liquid. 

Table I gives the analyses of the sewage of several. American 
cities, and Table II gives the amount of the suspended solids 
and the part of this which is organic or liable to cause offensive 
eond it ions through putrefaction—figures of first importance 
In question of sewage clarification and sludge treatment. 
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W. Fuller K*«*'**i *»ne 3i«e *‘t£?!*>g«a V as t a“i*vgyti a* afttuiaiatiitl i4ti«i«*iiia ?A- a< apin^imanlr mu? 

*t *****&?+. K - IJ A* niirvttra #«* im? TV. i -*>, June, lt»0& - 19P2. 
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TABLE II 


Suspended Matter in the Sewage of Several American Cities 

a. Parts per Million 


Place 


Total 


Boston, Mass. 

Chicago, Ill. 

Columbus, O. 

Lawrence, Mass 
Mass.—Small towns 
Small cities. 

Paterson, N. J. 

Philadelphia, Pa. . . 
Plainfield, N. J. . . . 
Providence, R.I. . . 
Waterbury, Conn . . 
Worcester, Mass. . . 


Chicago, Ill. 

Columbus, O.. 

Mass.—Small cities. 

Mass.—Separate systems. . 
Mass.—Combined and rrifg . 
United States. 


Organic Mineral 


135 

91 

44 

143 

80 

63 

215 

81 

134 

149 

113 

36 

94.6 

78.1 

16.5 

180.6 

46.4 

31.2 

to 641 
204 

142 

62 

134 

397 

343.5 

53,5 

165 

ns 

50 

255.8 

177.8 

78.0 

b. Gra 

ms per C 

j 

apita. 

166 

93 

73 

98 i 

47 

51 

53 

44 

9 

49 

38 

11 

145 

76 

69 

93 

40 

53 


Authority 


Kinnicutt, Winslow & Pratt. 
Eng: News, Mar. 31, 1910. 
Geo. A. Johnson. 

Kinnicutt, Winslow & Pratt. 
Kinnicutt, Winslow & Pratt. 
Kinnicutt, Winslow & Pratt. 
George C. Whipple. 

Geo. S. Webster. 

Andrew Gavet. 

Kinnicutt, Winslow & Pratt. 
Eng, News, June 3, 1909. 
Kinnicutt, Winslow & Pratt. 


Eng, News, Mar 31, 1910. 
Geo. A. Johnson. 

Kinnicutt, Winslow & Pratt. 
Geo. A. Johnson. 

Geo. A. Johnson. 

Geo. W. Puller. 


Although the composition of sewage varies greatly in different 
cities the following analyses may he taken as fairly representing 
ordinary American conditions. 
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TABLE III 

Composition of Typical Amkritan Bkwacjf 
In Grams per (\apita Gaily’ 

I. According to George Whipple 3 

Domestic j Sewage of mnnufaeturing 
sewage J cities 


Total .solids.. 

170 } 

220 to 

boo 

Organic matter . . ... 

70 ; 

mu t<. 

2U0 

Mineral matter.. , , 

100 

120 to 

:too 

Chlorine.. . . . < 

20 | 

2f» to 

;,o 

Nitrogen.. . 

ii : 

1:1 to 

ir* 

Albuminoid ammonia. , . 

1 7 

2 to 

•l 

Free ammonia . . , ...... 

7 

b to 

10 

Fats ... 

20 

20 to 

bO 


2, According to George VV. Fuller * 


(Ixygen consumed 

. . 2 boiling 

, . 15,0 


A immiten’ liniliiig. 

. 22.0 

Nitrogen an. . .... 

. . , Fm» ammonia . . 

7.0 


Alliti mi rifiici itm motiin 

2 A 


Organic . 

S 0 


Tot ii! ,.. ... ..... 

., lb o 

Chlorine.., , 


t!Mt 

Fats,.... , ... . 


. 10. It 

Dissolved matter.... 

. Mineral. 

. 0ft.lt 


< Irgmue 1414*1 Volatile , . 

. -37.0 


Total , .., . . , , 

. 13(1,0 

Hus$>ewled matter .. 

... Mineral.. . . .... .. ., 

. :»:i o 


< hrgamr awl volatile 

40.0 


Total . ... ' . * . . 

. o;i o 

Total solids......... 

, Mineral , .. 

lb2 fl 


( Irgtitii** mid volatile ... 

ff.fi 


dotal , ,., , 

, 220.0 


* To convert to ounce** $a*r capita multiply by o mil 
To convert to gmhiH per capita multiply by If# l,4*f 

If the volume of sewn#* In tnkm m Hit ipfl mm j***i rapid *Uite; 
To convert to gnhitR \»*r gallon multiply by o I/elT 
To eonv*?rt. to jwrt* s*rf million tuiilfiply bv I Mil, 

* Report on town** MmmA IPfitiwm S, $.* mm, 

$ Tmkwlmif Quatarly, June, \W%U p. HI, 
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, s 7 <; h \ w / a ; su-imm 


a, cast iron cylinder 19 in. in dlumet or and 10 in. deep, containing 
a screen with I/2-in. meshes. The velocity wjm reduced hi thin 
to 0.04 ft. per second, thus making tho time of passage through 
the chamber about, to seconds. 

The detritus removed from this chamber amounted to 0,05 
eu. yds, per million gallons of sewage. It contained 27 percent, 
moisture and but. 0.05 por rent, organic matter, and ware ipdfe 
inoffensive when spread on tin* land adjoining t ho >t at inn. 1 
Analyses of samples taken from Marrh 20, HMM. to June | t 1005, 
averaged as follows:* 



W<*t 

dntriliw 

Wnt or 

(in in 

HfOIIO, 

1*11', 

Ti»fnl 

i'am* d?v df'MO »h 

I 4 V “ oil , 

♦ Htenor \ 

IIPOHOO 

1 H tprfi 

WiuhIm p<T mil 
lion gallon:'.; <ov 

HUMS 


1W 

U70 

etc r n 

i 7 

Jlgl*. 

’un.i p<*r million 

parH of '-n'H'aip*, 

It Ml 

7*2 

%{ 

1IV 

id sii 

,2 

Near the 

Mono I 

island 

out let 

of the 

Ibo-lou Main 

1 h ainave 


system tin 1 out fall sewer is enlarged to fonii two r* mb nil v S ft, 

wid<*, 10 ft. high and about I I mile in leteo lg in which tin* 
heavier solids deposit. Hie depth of o*w are In fbwe onyem of 
deposit is designed to be front s in 10 ft. Tim dud re* i pteJicd 
toward om* eml where it Is dram it off bv a 12bm pipe to a 'Judge 
tank 50 ft./10 ft. *15 ft, lit ube, having n eapam* r of 150 eu. 
yds. From this tank it is taken Ip a mow, which i - lowed about 
20 miles to sea, and dumped. 

In t he year ending Febmarv I, lit I f b ebflt mu mo ? arr ! 1 o% of 
K2 I 57H,000 gallons per day, S774 e?u yds of decide w a * depodteij 

in these sewers, or 0,29 eu, yd*. per million of **v, age, in 

addition to whatever was subsepueud/r tbpiedfed in the /maim 
tanks on Moon Island. 

Worm tier, A/mw, Use sew age. tthirli, in HO ft, am-rage* I 1 1.57 
million gallons per day, or 107/2 gallois per capita, puemd 
through one of two twit ehainbmn loft, *' lo o in plan and U ft. 
deep in about I.K minute?., The mean t. eloob \ a ■* , i la tefoie, 
0,4 ft-, per second. 

1 I'kperimoiH *m fl*e Hten *4 fm ’on a , W in do >. o* « Vh< W <a**r 

Supply nml Irrigation Capo* %'», is*, 

* KUmiwitt, Window and I*mH 


























According to Air. Mallhew (limit, superintendent of sewers, 
i'll. yds. <if heavy grit, about half wafer and weighing 18,150 
Ihs. per eubie yard, were removed, representing 4.0 per cent, of the 
liilal suspended nuifter in (he sewage. The effluent contained 
27f, pjtrf.- per million of suspended matter. The material re¬ 
moved amounted to 0.11 eu. yds. per million gallons of sewage. 
'File e OS I of ouiioval from the grit (dmmbers and placing it in 
carts (shoveling d times; was lid 1/8 els. per cubic yard, and the 
cost ol haiilim.'::dmiti 000 ft., joid dumping, 50 cts. per cubic yard, 
ui;tkInthe total cost ol disposal 88 1/8 cts. per cubic yard or 
9 l, 1 <*t s, f ht million gallons of sewage. 

("olitinhu;; y ohm .—"I Ik* first ^rit chamber used at the experi- 
nmntal Nation was if) ft.XK ft,X~ ]/2 ft. deep. This was 
Mil Kim j mm f ly ehan-ed to B9.r> ft.Xn ft.X2.o ft. in depth, with a 
bottom baffle a loot hi'»h, 2 ft. from the inlet and a surface baffle 
mJeiidbm t*» about b in. from the bottom, 2 ft. from the inlet. 

In the former tin- average velocity was O.olS ft. per minute 
(2.bl mm. per second; ami the period of flow l.B hours; in the 
Inner the average velocity was 2.2S ft, per minute (J l.B<) mm. 
por Macomb and the period of How 0.29 hour. 

Tin* results obtained in the two chambers were as follows: 


TABLb IV 



nu\fPoyrnuX OK fJMT rilAMBbk HLUWiM 

WVihIp, jht mhw >im» 1 , , , 182f> 11 >h.. 

fStAVl! » .. , I .OKI. 

W»f#T , , . ., . , ,,,,82,4 per (Hint. 

Si«im , . . .17.0 per cent, 

Volatile miitin , , . 7.9 per mil. 

Mn-OK* r* .. 0.22 per writ, 

bate....... ........ ..... . 1.22 poeoonfc 

It is dillifofii io reach a, comparison of the above results of 
rapid \editneri!nf ion in firit chaml>ers. The quantity and quality 
of tiie material removed depends upon various conditions, such 
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us t ho admission of storm wat or, t lie ohuniHer *»f - i mm surfaems, 
t he* us( i and oflieionoy of ratrii basin,- for f ho inf *j *t ion oi aril, 
f.h(^ volooify, eh'pt li and Haw of pa mayo I hrmmh ! ho ori? I’hamber 
and the* p(*r eont. of moisture* in I ho detritus. With sf Hilly 
woparato systems and domostie* sewage tin* ainonuf would la* mo 
sum,II us to bo an insknilicant hwf«»r in quo a ion of dbpuoih 
while! in uondunod systems, whom tho volume may approximate 
a cubic! yard per million gallons of sewage, tin* amount of put res* 
ebble matter is usually ho small that tho detritus may off on ho 
used for filling in land. 

Mr. Bmil K molding 1 men!ions f ho results obtained in various 
foreign citric k s, at Iho Boston experiment motion of tho Massa* 
ehusetts Institute! of Torhnoloyy and at Hu* Itorehm-f or pumping 
station thi that, city 10.2I mi, yds, [tor million itulfojjoJ and obtains 
an average* of (h i ni, yds* per million gallon,- with n qweilir gravity 
varying from I m2 to I.K7 mid a water eonten? of 27 per oorif. 
Undc‘r those* assumptions tho dries I ompefeb'd manor n mowed by 
grit chambers is about 82b !bw per million gallon o or I lit I parts 
by weight por milliom 

IVatrrhNi'tf, ('on it.' -Tlit* uafor nippl\ ai \\ mei buiy h Bill 
gallons por capita, and tho sowers an* on tho mmhined yyfoim 
The* grit olmmbor was cleaned frequently o that no yji ,w worn 
formed in the* def.rit u,, 

Data 


Cu. y< Is. removed per million jotllom of o«vm;»*' ! PI 

Tons removed per million aalloir* *>i aowm* 1 , 12 

Specific, gravity IJi.v 

Moist are* , , , as U p«a out 

Sedidn ,. il II v t?^ owt 

Mineral matter no j <o en.f, 

bats , .. . , , II Vs 5*\t mo 

Nitrogen. , .. ...... , *,.. . ., , , , ,, u T» y* <? 


III. Sf fiMA! 

A sharp distinct ton should bo mud** bof ween oorr bar rereetrt 
intended primarily to intercept mjibrn of wood, mmum and Imimti 
pools, mgs, etc,, and tho fine ooenw having c|mr opetilinw of li, H 
lip or lew, which have* boon mintfinrM in ititimidnt; imudri^ 

* Mnim mi Swage Uhtmml IMi^u r* 0 H 4 
a Km* Ntuv t W LX I, |i, frm. 
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especially in Germany, to remove as much of the matter in sus¬ 
pension, including fecal matter, as practicable. 

The former type is customary in all systems where the sewage 
has to be pumped, but it has not usually been considered worth 



Fig. 37. —Bar screen, Dorchewter Pumping Station, Boston. 

(Courtesy of F. L. Sanborn, Fxecutive Fngineer, Boston Main Drainage.) 

while to measure the detritus removed. The following figures 
are, however, available. * 

Boston, Dorchester Pumping Station .—Here the combined 
sewage, amounting in 1909 to 96,373,000 gallons per day, passes 
through screen cages 7 ft.X3 ft.x7 ft. high, having 3/4 in. 
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vertical bars on 3 sides spaced 1 in. apart and a floor upon which 
the screenings fall on raising the cage ; and from which they are 
r'emoved by hand and pressed to remove the excess moisture. 

In the year ending February 1, 1910, 573 1/4 tons of wet filth 
were removed, or 38.1 lbs. per million gallons. The cost of labor 
at the screens was 0.313 cts. per million gallons. 

Boston Metropolitan System .—The screens at the several 
pumping stations of the Metropolitan Sewerage System are in 
type similar to those at the Dorchester Pumping Station of the 
Main Drainage works. The screens are composed of 3/4-in. 
round bars, 1 1/2 in. center to center and a similar series stag¬ 
gered in front of these, providing an effective, clear space of 
about 1/8 in. 1 

The following table gives the amount of wet screenings removed 
from the North and South Metropolitan Systems from the be¬ 
ginning of operation, amounting to 0.10 and 0.16 cu. yds. per 
million gallons, respectively, during the year 1910, or 5 and 
10 cu. yds. annually per thousand population. The sewage is 
partly separate and partly combined in each system. 

The material removed from the screens at the Charlestown and 
East Boston Pumping Stations June 10, 1898, had the following 
composition: 2 


f >a P er . 55 per cent. 

Bags. 25 per cent. 

Hair. 5 per cent. 

Fecal matter and grease. 5 per cent. 

Refuse from slaughter houses. 4 per cent. 

Conglomerate matter. o per cent. 


100 per cent. 

Columbus Experimental Plant .—Two vertical removable screens 
were used, consisting of a diamond mesh of No. 12 wire, the 
first having 1/2-in. and the second 3/8-in. openings. These 
removed 36 of the 215 parts per million of suspended matter con¬ 
tained in the sewage, or 0.17 cu. yds. weighing 300 lbs. per .million 
gallons. The weight per cubic yard was therefore about 1765 lbs. 

This amount would undoubtedly have been considerably 
greater, but for the fact that the sewage treated was not drawn 
from the invert of the trunk sewer and so did not contain all 
the grit and coarse heavy matter moving along the bottom. 

1 W. M. Brown, chief engineer. 

2 Metropolitan Sewage Com’rs, 1899, p. 25. 
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The liquid, moreover, had previously passed through a 1/2-in. 
screen and was then pumped, by which much coarse material was 
removed and fecal matter broken up. 

Philadelphia Experimental Plant .—This was supplied with 
separate system sewage from a 4 ft. 7 in. intercepting sewer 
through an 8-in. pipe, which entered the sewer 15 in. above the 
invert. The sewage was then pumped through 413 ft. of 4-in 
pipe to a point near the testing station, from which it was drawn 
by gravity. Some of the heavy solids .were probably excluded 
at the start, and the soft fecal matter must have been disin¬ 
tegrated by pumping, as at Columbus. 

The sewage was delivered through 24 1/4-in. nozzles upon 
the conical surface of a screen having 32 meshes per inch (clear 
openings 0.5 mm. square). 

The amount of suspended matter varied considerably, owing 
to the admission of trade wastes, but averaged from September, 
1909, to April, 1910, inclusive, about 200 parts per million, 7/10 
of which was Volatile. Of this, 63 parts per million, or 33.5 per 
cent., were removed by the fine screen, equivalent to 560 lbs. of 
dry solids per million gallons of sewage. 

The effect of screening on subsequent treatment was found 
to be: 


L A more uniform sewage by eliminating in part the irregu¬ 
larities due to trade wastes. 

2. A reduction in the sludge subsequently treated. 

3. An increase of moisture in the sludge subsequently treated. 

4. A finer subsequent sludge and one more readily pumped. 

o. An entire absence during 9 months of clogging in sprinkler 
nozzles using settled screened sewage. 

Reading , Pa. The only important example as yet of fine 
screening-on a working scale in the United States is that at 
Heading, Pa., with an apparatus devised by Mr. O. M. Weand. 
This consists of a horizontal cylindrical framework 6 ft. in diam. 
X12 ft. long, which is supported on rollers and is rotated by 
means of a circumferential gear at a rate of 8 revolutions per 
minute The cylindrical framework is covered with wire cloth 
of monel metal having from 30 to 36 meshes to the linear inch 

W ,! ch r * 1 ’ . m turn > su PPorted by a screen of No. 12 copper wire 
with 5/S-m. meshes. ' 


The sewage enters at one end and is distributed by flowing over 
a weir placed in the first half of the cylinder parallel to the axis. 
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It then flows through the bottom of the screen and is conveyed 
away, leaving the sludge and other coarse material inside. 

By the rotation of the screen the sludge is worked forward 
by a narrow spiral plate, which projects from the inner surface 
until it reaches the further end, where it is lifted by a series of 
short radial buckets attached to the perimeter. On reaching a 



certain elevation the sludge slips off upon a sloping trough, 
which delivers it through the end of the cylinder and drops it into 
a receptacle from which it is raised and transported by suitable 
conveying machinery to an elevated sludge tank. 

The sludge that collects on the screen is washed off by 12 1/16- 
in. water jets in each of two horizontal pipes placed just outside 
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the screen—one on each side. Each pipe is moved back and 
forth longitudinally by a toggle joint at one end so that the 
entire surface of the screen can be freed of detritus. Screened 
sewage has been used in place of water for this purpose satis¬ 
factorily, but the jets clog rapidly with the unscreened liquid. 
Hair, lint and other fibers are not so readily removed, however, 
and this difficulty, inherent in any fine wire mcsli, would prob¬ 
ably cause trouble in its use with some classes of sewage. 

According to Mr. C. B. Ulrich, City Engineer of Heading, the 
volume of sewage handled is about 5 million gallons daily from 
40,000 persons. It contains -125 or 130 parts per million of 
suspended solids. The screenings amount to 1.15 cu. yds. per 
million gallons, and have the following general composition: 


Wet After Centrifuging 

Moisture. 89.5 per cent. 73.0 per cent. 

Mineral matter. 2.8 per cent. 7.4 per cent. 

Yolatile matter. 7.7 per cent. 19. 6 per cent. 


100.0 per cent. 100.0 per cent. 

The weight of the wet screenings is stated by Mr. Weand, 
who had, until recently, the contract for operation, to be about 
63 lbs. per cubic foot and the cost of operation, including 
about 5 h. p. of steam power required for rotating the screen 
and driving a centrifugal separator, to bo $1.00 per million 
gallons when Taking 4 million gallons per day. 

One difficulty, due to the fine mesh employed, is the frequent 
stoppage for repairs. This amounted to 1500 hours, equivalent to 
63 days, in 1910, and an equivalent of 77 days in 1909. Screens 
of this type should always, therefore, be in duplicate. 

Another objection in some cases would be the loss of Several 
feet head caused by the drop in the sewage through the screen. 1 

A high percentage of moisture in the screenings is probably 
inevitable with fine meshes and domestic sewage. In his annual 
report for 1910 Mr. Ulrich says: “The criterion for screening 
efficiency should be the thoroughness with which the larger 
suspended matters are removed and not only mere bulk of re¬ 
moved matters. All materials large enough to clog sprinkler 
nozzles should be screened out, but it is more economical and 
just as satisfactory to remove finer solids by sedimentation.” 

1 By a recently devised modification of design Mr, Weand hopes to save the greater 
part of this lost head. 
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It would appear, too, that with the constant agitation of the 
fecal matter by the wash water and the rotation of the screen, 
much of it will have become so finely broken up as to pass through 
with the sewage. 

But in spite of these disqualifications, the local authorities are 
satisfied, on the whole, with the results secured and have recom¬ 
mended the installation of a second unit. 

Screens of this general type are, or soon will be, installed at 
Atlanta, (la., Brockton, Mass., New Brunswick, N. J. and Bal¬ 
timore, Md. 

Providence , R. I. —Here the screen bars are of wood 1 in. X 
10 in. in section, spaced 3/4 in. apart, forming an inclined rack 
09 ft. in length, inclined 17° to the vertical, through which the 
sewage—about 19.8 million gallons per day—flows, with a depth 
of from 2 to 5 1 /2 ft., averaging about 3 ft. The screen is cleaned 
continuously by hand with rakes. The screenings, consisting 
chiefly of paper and rags, amounted, in 1910, to 208 lbs. or 
28.0 lbs. of dry material, per million gallons of sewage. The wet 
screenings are placed in perforated cans about 18 in. in diam.X2G 
in. in height, which weigh 30 lbs. each and hold about 230 lbs. 
of screenings, in which the material is removed. 

Waterlrury, Conn. —With a 1/2-in. mesh of galvanized wire, 
140 lbs. or 0.08 cu. yd. of screenings were removed per million 
gallons of sewage. 1 The average composition of the screenings 
for the year ending November, 1900, was as follows: 


TABLE VI 

Composition of Screenings 




Parts per ini Hi on 


Total 

Dissolved j 

Suspended 

Oxygen consumed .. 

46 

26 

20 

Organic nitrogen. 

14.8 

10.3 

4.5 


Total 

Fixed 

V olatile 

Suspended matter. 

165 

115 

50 

Fats. 

26 



Particles in micro-suspension. 

84 



Colloidal matter. 

15.7 

i 




1 W. G. Taylor, Eng. Rcc., June 3, 1909. 
14 
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Plainfield, N. J— The volume of sewage is about 90 gallons 
per capita. 1 With screens having openings about 1/2 im apart 
in the clear, 0.18 to 0.22 cu. yds. of screenings containing 85 
per cent, of moisture are removed per million gallons of sewage. 

Pawtucket, R. I. —The strong domestic sewage, amounting to 
an average of 0.277 million gallons per day in 1910, passes thiough 
one of a pair of rack screens 7.96 ft. wide X4.4 ft. high composed 
of wooden strips 3/4 in.x3 in. in size, spaced 5/8 in. apart. 
The depth of sewage passing the screen is about 2.1 ft. During 
1910, 1036 eu. yds. of wet material were removed and buried in 
pits, amounting to 10.25 cu. yds. per million gallons. This 
large amount is accounted for in part by the fact that it includes 
a small amount of grit, which is pumpted out once a week from 
the depressed pit in front of the screen, together with the screen¬ 
ings, by an Edson diaphragm pump. Another reason lies in 
the strength of the sewage and to the fact that it enters the screen 
chamber 3 ft. below the surface of the liquid. The screenings 
consist of rags, paper, grease, fecal matter and kitchen wastes. 
During the interval between cleaning a mat of grease and other 
wastes frequently forms in the screen chamber, sometimes to 
the thickness of 18 in. or 2 ft., of sufficient strength to support a 
man, below which the material is much more dilute. 2 

TABLE VII 


Material Removed by Screens 



Cu. yds. wet 
screenings 

Lbs. dry 
solids per 

Per cent, of suspended solids 
in wet sludge. (By volume) 


per million 

million gal. 

—--• 


—.— 


gal. sewage. 

sewage 

Total 

Volatile 

Fixed 

Nov. 10,1905-Feb. 23,1906.. 

7.53 

746 

5.68 

4.45 

1.23 

Mar. 2, 1906-May 11, 1906.. . 

5.83 

549 

5.44 

4,36 

1,08 

Oct. 12, 1906-May 3, 1907. . . 

8.96 

792 

5.22 

4.15 

1.07 

Feb. 3, 1911-Mar. 24, 1911... 

10.25 

1024 

5.89 

5.45 

0,44 


IV. Sludge from Plain Sedimentatiqn 

Massachusetts State Board of Health , 3 —Experiments were 
made with Lawrence (combined system) sewage during the years 

'Eng. News., Vol. LXIII, p. 541. 

2 George A. Carpenter, city engineer 

3 Rep. 1908, p. 454, et seq. 
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1892 to 1897, inclusive, by allowing it to settle while quiescent 
for 4 hours. Nearly 60 per cent, of the suspended matter and 
33 per cent, of the total organic matter, as indicated by the al¬ 
buminoid ammonia, were removed. 

In 1906 a large tank was used for this purpose. The period 
of sedimentation varied from 2 to 14 hours, and in 2 1/2 years of 
operation there were removed about 44 per cent, of the suspended 
matter, as indicated by the albuminoid ammonia in suspension, 
“58 per cent, as shown by total solids, and 52 per cent, as 
shown by loss on ignition/ 71 

Experiments have also been conducted since 1903 with the 
sewage of Andover, which passed at an average rate of 150,000 
gallons per day through a tank holding 13,500 gallons, the 
average period of sedimentation being about 2 hours. 

“The average removal of suspended matter by this tank was 
about 56 per cent, as shown by determinations of albuminoid 
ammonia in suspension, 71 per cent, as shown by total solids, 
and 70 per cent, as shown by loss on ignition/ 7 About 31 per 
cent, of the total organic matter was removed. 


TABLE VIII 

Average Solids in Effluents , from Tanks. Parts per Million 



Total 

Loss on ignition 

Fixed 

Experiment Sta., 1906-1908: 
Unfiltered. 

624 

213 

411 

Filtered. 

549 

156 

393 

In suspension . .. 

75 

57 

18 

Andover., 1905-1908: 




Unfiltered. 

446 

206 

240 

Filtered. 

388 

158 

230 

In suspension. 

58 

48 

10 


Between July and November 15, 1905, measurements of the 
sludge were made, giving 1.25 tons per million gallons of sewage. 
Between April 23 and November 15, 1906, when the daily flow 
varied from 75,000 to 350,000 gallons, about 2.28 tons of wet 
sludge were removed per million gallons of sewage, assuming 
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the average flow to have been 1 / ;>,()()() gallons {><*i d:u. 1 hi;> 

sludge lost 61 per cent, in weight by drying. Annh>m. «»f ilm 
dried sludge resulted as follows: 

Organic matter.. - . • ■ • • 60 permit. 

Carbon.* • > • ■ ■ ' per rent. 

Organic nitrogen.• ■ ...... 1 ^ l H * r 

Fat.... -M permit. 

Worcester Experiments,—In 1903 a tank having a capacity 
of 344,000 gallons received an average of one million gallon* of 
sewage per day, which was therefore subjected to 8 hours* 
sedimentation. 

The suspended matter removed, as indicated by flic* albumin¬ 
oid ammonia, averaged 40.80 per cent., ami the total organic 
matter removed averaged 27.48 pm* cent. The resulting volume 
of sludge was 0.12f> per cent, of the sewage, or about fU7 cm yds. 
per million gallons, and the water contained was 96,A per cent. 
The cost of pressing this sludge into cakes was f ‘$l ml? per million 
gallons of raw sewage, including handling of pressed mike by 
trolley to the sludge dump. The other easts of sedimentation, 
labor and attendance, are given as per million gallon*/* 1 

The composition of this sewage was, in parts per million; 


Free ammonia 1 7 JB 

Albuminoid ammonia, 

Total. ................. .. .. n.m 

Dissolved.. .. .. 

Suspended ... . . , . , . 5. If 

Oxygen consumed. 

Unfiltered. ..._ .......... . . §3.fit 

Filtered. . . . fill W 

Chlorine... ......... . 99.40 


Columbus Experiments. 2 — The two tanks used here wen* H ft* 
deep and 40 ft, long, and their effective capacity was about, 
17,000 gallons. The time of retention in these tanks was 8 
hours in Tank A and 8 hours in Tank H, giving respective 
velocities of 4.9 and 6.7 ft. per hour (.42 and M mm. per second b 
The results were as follows when using raw sewage flint had first 
passed through grit chambers: 

1 Geo. W. Fuller, Tram. Am. Soe , C. J 1, Vol. LIV, Fart E, p. ITS. 

8 Eep. Sewage Purification, W0~>. Johziwni, pp HHM I 
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TA tthb) IX 

Hkhi’lth of Plain Shim mentation with Raw Sewage 


Tank A 


Influent i Effluent 


'Tank B 


Influent 


Effluent, 


Parts per million 


Perital ttf operation Aug,, 1904 to,June, I905.J Nov,, 1904 to April, 1.905 


Oxygen eonromtetl . , . . . . 


46 

87 

47 


89 

(frgnnte nilmgen . , , 


8.0 

j 6.4 S 

7.6 


6.8 

Free iifiniiwitlh 


11.7 

i 11.7 i 

11.8 


11.0 

Pennine an evaporation: 



1 1 




Twin! 


980 

! 875 

927 


857 

PiMoivnff . , , , , , 


ko;> 

1 797 1 

798 


784 

HU’tpefnlrtl .. 


147 

i 78 j 

184. 


78 

Volatile: 







Total . . 


168 

| 187 

164 


187 

l>i***4* »lvr<l , . , 


104 

! 108 

100 


99 



61 


64 


88 

¥hv4: 



| ! 




T«*iii 1, , , 


78*2 

! 788 : 

768 


726 

IHmmWmi . ...... 


099 

| 694 

698 


685 

. , . , . . . 


88 

44 i 

70 


85 




Percent agon of removal 



eotifuiinial , , .. 



20 


17 


i Ngame ti|fn«efi . . 



10 


17 


Iw ntmwmU 



0 


6 


mi pvmmminm 







Total. 



47 


46 


Viilatilii., . . . , 



47. 


41 


Mmeyal 



53 


50 



With rw w>ree»ed Hewnge containing about 1210 parts* per 
million of minpctided matter, or 7 1/2 c.u. yds*. of Kludge H7 per 
cent, water, the following remtltH were obtained. 1 

* Hep m Hew, Ptirif,, PoltiiulmH* 1905. Johmm, pp, 161-153. 
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Fig. 39.—Results of sedimentation, Columbus. Reproduced by pemsb .*iou of I he 
Metropolitan Sewage Commission of N. Y. 

TABLE X 

Results of Plain Sedimentation with Raw Scjrekned Rf.wack 




| Tank A 

; I'd »k B 

Period of sedimentation. 



ti liniiw* 

Suspended matter removed: 




Total. 


......... lift c 

m r, 

Volatile. 


......... m % 

; U % 

Total organic matter removed: . 




Nitrogenous. 


..... ... 1 31 

i 10 *' r ( 

Carbonaceous. 


. 31 <{ 


Pate removed. 


......... j m % 

i 


Average period of sedimentation. 0 K brnir^. 

Wet sludge per million gallons of sewage.. ;> 75 eti, yd 1 *., 


Philadelphia Experiment *.—Two tanks wore* first lined. Tank 
No. 12 had a ratio of length to depth of I.r>:l and a implicity <*f 
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9943 gallons, which was later reduced by sloping the bottom 
and adding a baffle and scum boards to 8738 gallons. Tank 
No. 13 had a ratio of length to depth of 2.5:1 and a capacity of 
7767 gallons, later reduced as in the case of Tank No. 12, to 
5475 gallons. 

TABLE XI 


Results of Plain Sedimentation. Tanks 12 and 13 


Conditions 

Hours storage 

Suspended 

Parte per million 

Average effluent 

solids 

Per cent, 
removal 

No. 12 

No. 13 

No. 12 

No. 13 

No. 12 

No. 13 

Flat unbaffled. 

6 

6 

55 

66 

65.5 

59.2 

Flat \mbattled. 

4 1/2 

4 1/2 

53 

60 

72.2 

69.3 

Sloping bottom battle and scum. 

3 1/2 

3 1/2 

71 

81 

64.1 

61 

Sloping bottom battle and scum,... . 

6 

5.85 

60 

75 

67 

58.7 


Tank No. 17 had a ratio of length to depth of 4. 


TABLE XII 


Results of Plain Sedimentation. Tank 17 





Suspended solids 

Conditions 


Hours 

storage 

Parte per million 
Average effluent 

Per cent, 
removal 

T T w* 14 m ■(¥! n/1 . - -.-.I. * 


10 

65 

50.4 


6 

About 65 

67.5 


4 

44 

81.2 


4 

59 

72.5 


10 

46 

74 






The eon elusion drawn from these experiments was that “long 
storage periods are unnecessary for efficient sedimentation and 
that great improvement in the uniformity of the tank liquor is 
obtained by efficient baffling, creating uniform velocity over the 


mtire area of the cross section.” 

A heavy scum formed on Tank No. 13, which received un- 
(creened sewage. After introducing baffles this formed to a 
ihickncss of 2 ft., amounting to 5.6 cu. yds., weighing ons. 
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It contained 1810 lbs. of dry solids and 260 lbs. of fat, and was 
very offensive when punctured or removed. 

The average composition of the sludge was as follows: 

TABLE Xril 
Composition op Kludge: 

Tank No.j 12 i 13 , 17 

Sewage.| Screened I Crude i Crude 


Wet sludge: 

Specific gravity. 

Per cent, moisture. . . 
Per cent, of dry residue: 

Volatile. 

Fixed. 

Nitrogen. 

Fat. 


1.036 1.05:*' 1.043 

90 86.1 | 87.7 


49 | 48 ! 50 

51 * j 52 ! 50 

1.3 | 1.4 : 1.3 

8.1 | 7.4 7.2 


The sludge from Tank No. 12, which had been fine-screened, 
was uniform and with no particle over 1 mm. diameter. It 
therefore flowed much more freely than that from Nos. .Id and 1 7, 
which contained fibers of wool and hops. 

Scum formed in irregular amounts in these tanks before placing 
scum boards, but after this was done it formed promptly and 
increased to a considerable thickness at the inlet end of the tank, 
being tough and tenacious. 

The following is a typical analysis of this material u hen 
formed on crude sewage: 

Average characteristics of scum from Tanks No. Id, No. 17 
and No. 19 (Emscher). 


Specific gravity. 1.0.5 per cent. 

Moisture. 82.5 per cent. 

Dry residue. 17.5 percent. 

The average composition of the dry residue was: 


Volatile matter 

Fixed. 

Nitrogen. 

Fats. 


60.5 per cent. 

39.5 per cent. 
1.7 per cent. 

13.5 percent. 


No scum of this kind formed on Tank No. 12. 

The fact that the scum floats in spite of its high specific gravity 
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is explained by the presence of entrained bubbles of gas which, 
when liberated on removal, produced an offensive odor. 

Reading, Pa .—Sedimentation here for 15 hours removed 123 
of the 165 parts per million of suspended matter. 1 During 1910 
a sedimentation, tank at Millmont received 1425 million gallons 
of sewage. 

Three and three-tenths cubic yards per million gallons were 
removed with 10 hours 7 retention and a flow of 3 million gallons 
per day through a tank 250 ft.X5Q ft. X16 ft. in size. The 
composition of the sludge was: 2 

Moisture. 91.83 per cent. 

Mineral matter. 2.83 per cent. 

Volatile matter. 5.34 per cent. 

The tank was cleaned 6 times during the year, but at no time 
have there been seriously objectionable odors from the sludge. 

Kinnieutt, Winslow and Pratt give the following comparison 
of the results obtained by plain sedimentation at Plainfield, N. J. ; 
Columbus, 0., and Reading, Pa. 

Results of Plain Sedimentation 


Period of sedimentation Suspended solids Per cent. 


Parts per million 



Hours 

Influent 

1 

Effluent 

Reduction 

Plainfield, N. J. 

10.0 

i 

I 118 

54 

54 

Columbus, O. 

13.0 

304 

101 

67 

Reading, Pa. 

15.0 

165 

42 

75 


V. Septic Tank Sludge 

M(machuxeltfi State Board of Health . 9 —Experiments with 
septic tanks have: been conducted at Lawrence since 1898 and 
with Andover sewage from July, 1899, to July, 1902. In five 
series 1 of experiments the analyses of the sewage and effluent 
varied between the following limits: 

1 Kinnieutt, Winslow and Pratt, 

“ Ena . /i«„ Vol. LXII, p. 186 . 

Rep. 1908, p. 476, el seq. 

4 A sixth series in which sludge was used in place of sewage is omitted. 
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TABLE XIV 

Suspended Matter in Sewage and Effluent 



Parts per million 

Entering sewage 

Tank effluent 

Unfiltered: Total. 

646-912 

493-571 

Loss on ignition. 

323-464 

175-232 

Filtered: Total. 

475-537 

448-510 

Loss on ignition.:. 

174-199 

126-173 


In Tank A, 70 per cent, of the total suspended matter and 70 
per cent, of the suspended organic matter received during 6 1/4 
years were deposited, and of this 82 per cent, of the total and 88 
per cent, of the organic suspended matter were destroyed. 
Again, during a period of 4 1/2 years, 66 per cent, of the total 
suspended matter and 66 per cent, of the suspended organic 
matter were deposited, and of this about two-thirds of the total 
and 80 per cent, of the suspended organic matter were destroyed 
by digestion. The period of sedimentation averaged in the first 
case, about 12 hours, and in the second case, 15 hours. 

In Tank G, in which the period of sedimentation was about 6 
hours, 60 per cent, of both the total and organic suspended 
matter was deposited. 

In Tank H, with 18 hours’ storage, 75 per cent, of the total and 
78 per cent, of the suspended organic matter were deposited, 
while 84 per cent, of the total and 90 per cent, of the organic 
matter which deposited were destroyed. 

In Tank F, which received a sewage with about 50 per cent, 
more suspended matter than Tank A, and more than twice that 
of Tanks G and H, 76 per cent, of the total and 82 per cent, of the 
organic suspended matter were deposited, while of this, 71 per 
cent, of the total and 86 per cent, of the organic matter were 
destroyed. 

Tank B received a sewage about 10 times as strong as G and H. 
Here 82 per cent, of the total and 84 per cent, of the organic 
suspended matter were deposited, and 74 per cent, of the total 
and 82 per cent, of the organic suspended matter in this were 
destroyed. 
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TABLK XV 

u\!i'iMTiiis' of Dry Kkptic Tank Hmjihjk 


Mineral innHrr - . . .. 
T.Oitl miiitrr 

< tt&mtir m *«»#«♦« , 

f-'fifil 

rarlwfi . * ■ - 

lIViif**K*'l4 ......... 


IVr cent. 


45.0 to 70.0 
54.4 to 2!). 1 
1.1 to 2.9 
8,8 to 11 .0 
25. I to 2IKS 
2.0 to 4.0 


Number of Uinkn from 
which h!u<1k« wuh Hiwnplwl 


Minfi.'uni, U'/V. —IIc*r<*, by septic tank treatment, 42.S par Mint, 
ui’ tbn u*pended solids and per (‘(nit. oi the albuminoid 

nininnnia an* i'i*itinv(‘d. ! 

TAHLK XVr 

Si mmuiv <>i Hum i.th Sunwise Accumulation and Liquefaction op 

Hi.iukif. 


A*pUt* tank 


|Vtiw#4 **t wrvt**>c 1904 


B 


Aupj, - Auk- 

to io 

to to 

June June 

20 20 


Nov. 

22 

to 

Juno 

20 


200 
5 0,5 

12,9 

0,24 


0,01 
0 21 
0.20 


0,40 
0.21 
4M 
1,4 


201 

5,7 

21 ,8 
0.15 

0,01 

o.oi 

0.20 

0.40 
0,29 
28 
1 ,8 


221 

10.8 

8,0 

0.42 

0.02 

0.28 

0,51 

: 0.80 
0,12 
: 07 

: 0,8 


J) 


Feb. 

18 

to 

June 

80 


182 

4.1 

4.0 

0.84 

0.80 

0.20 

0.00 

0,88 
0.20 
89 
1 .5 


.14. 


Mar. 

9 


June 

80 


118 

0.79 

8.0 

0.14 

1 .21 
0.07 
0.54 

0.80 

0,48 

50 

2.9 


il* 1*YU**e, . .... ■' - ‘ 

I'Wflil nitfMt wilktM wwm* irvaiwl, , . . . 

Awtmt of tbw 0»<mr«).. 

Awr»«r vrt«ci#y of flow mililuiMUm per w*ron<l, 

%Um *!fv mWU per miitlott fptknw < 

tn «|*|4sf'4 .. ’ ’ 

to buik 1 • ’ 1 " 

lit * 4 ll»i 44 *f.... • ■ • ..j 

Tttw «lry m4i*U Million Kuthtfi*: j 

ih%rn4m*4 \ ..... - - - - • - ''' 

Im fiiitk »f «wl of feMtu ..... .; 

IVr rent «M itifiPer ik|itt 4»«-4 , , , . . 4 - 

I’iil 4 r smfh million khIImih altulgu , 

tfiW'l imwi it* funk tit einl «f tint* | 

(UihunhnH KfimrmmtM.—Vivv septic tanka were used in the 
(Mumlnw experiments. Tanka A, B, 0 and I) received the 
effluent from the grit chamber, and A received the sewage after 
screening. Tanka A, B ami C were H ft.X40 ft. m plan with 
. mmmium »i.h fa> Wta. flwttfcHW. ««*■ -»• «>»*. ««» * T ' 

u, m u> **«**«» b nab <>f -mpuu*i b 

tktmtl in plum M'dimmUtitm T#»k A, 
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saw.um sij'i>ti k 


an offend ivo capnnit v nf 17,000 gallons, lank I) win* otnotlar, 
12 1/2 ft. in diamotcT, with an H'tVrfho !* of b I 2 ft, It 
was balllod so as <o make* Ilia length of flow 10 ft, and had ait 
offVefivo capacity nf about o070 gallons, and hji, 'avcrid, 
Tank K was a, cylindrical boiler shall 0 tl, diameter by Id t?, Iona, 
air-tight, with a 1/2-in. gas pipe loading in n uieter. Tim effee. 
Live depth was A ft. and the capacity 7200 gallon >. 

In general, if may la* assumed that In 1 niihs \ , I# and I s fin* 
average accumulated deposit amounted to 1,02 «*u, \ d ., par 
million gallons as compared with TO oil vd.*, par million gallons 
with plain sedimentation* The percentage Hpnehed vww there- 
fore* about 00, The dO par rnif, Inpiehed WU h nn»b -ewage 
in Tank K was believed 1 o bn a fair average U* jit cm hsmte w 
The* composition of |hr result ing septic sludge vww lonnd b\ 
analysis to lx* as follows; 

TABLE XVII 

ro\ii»oMrnn\ oi Si ,who T 1 M 4 s'm not 


Tim It, 

A 

II 

r 

II 

K 

Weight of woi ulioiicx, ponmh p^r nilw* >'?», , 

, IhM 

?wn 

w • i 

mm 

1 Vi i 

tfjxTifu* Kmvity 

S »!# 

I 0?.W 

t tPM 

i nm 

? in; 

W;tli*r, prt , . * 

.iCi.. 11 


W 2 

m.r 

M 2 

SMhU, por mit , 

in ? 

If 7 

ill H 

•W ,1 

i# a 

Volatile mill tor, prr rota , . 

1 I 

I 1 

1 4 

I 1 

fl II 

Nit rotten .. , 

it 2a' 

ti 

0 w§ 

a is 

fi IS 

FuO. .,.. ,. 

0 f I 

I m 

| #*!, 

i ,ifi 

1 52 


Tint reduet ion of suspended mutter seemed at rohuebm dminy 
the yearn 1000 and 1010 by septic tank-i naif niont win** m follow m 

TABLE Will 

IbanwTtoN or Si n Mvnin' 


Wiss tii *,!»/« 





vm 

mm 


Win 

jws 

into 

Dully volume of M«*wiig*% mlilsoo Bulbm* . 

m .. 4 

17 § 

i j 

f n 

?1 1 

is,.f 

IT Hi oil of flow through iiiufc, hour* . . . . 

m a 

17 ti 

1 2 

4 2 

id i 


Total atwfwmlwl mutt#*r. pntv% $#*r mtlljtm 

He rented wwitKi' ,, , „ , ,, . , , . . 

mm, 

n:m 

M 

!fi ;; 

m 

; in 

Hrpfit? rflimitt 

m/m 

■jm 

'If 

® 

it 

m 


The \H»r eenf. Mwpmfetl iimOor removed ftto, m 1**0 w, %n4 m UUR §2, 
* fnmhhml hy W. W, Jtnvkvm, Wafec V;*rU 
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I*aivtnvkeT IT IT .. In 1900, 41.5 per cent, of the organic, matter 

was removed hv the tanks. At the end of JO months 7 operation 
the accumulation of sludge 1 was 5.428 eu. yds. per million gallons 
with *1.75 per rent, moisture. The dried solids amoxmted, 
therefor**, to U.00 eu. yds. per million gallons of sewage. 377.83 
parts pet* million, or I .SOS eu. yds. of mineral matter were de¬ 
posited tit the tank for earh million gallons of sewage. The 
amount of dried solids removed by septic action was, therefore, 

I ,s7 0.1M4 0>s eu. yds. per million gallons. The cost of its 

removal wu- \ \ l /3 rts. per cubic, yard. This treatment has now 
been dtsconi bitted, 

Mfitu'th hi , <)." Hie sewage from about 10,000 persons, 40 per 
rent, of which i> collected by the separate system and which Is 
much diluted with ground wader, flows at a rate of about one 
million call* ms per day through bar screens with 8/4-in. openings, 
and is tlien settled in 4 septic tanks 1)2 ft. 3 in. X52 ft. in plan, 
having an offer!he depth of 7 ft. and a combined capacity of 1 
million gallons. 

The mado influent sewage contains but 84 to 42 parts per 
million of .-ii.- pended matter, and the (diluent contains 34 parts 
pi. r million, -bowing very little reduction. The following is a 
more reeent unahvis, Parts per million of suspended matter: 


Prude mwftge , , 
»*«•§#! ie ctfliiciit . 


Total Volatile 

74 55 

85 to 185 43 to 54 


'flu. restilfing from 4 yearn’ operation weighed 1868 

i!„. per cubic yurd. It. had a specific gravity of 1.11, and con¬ 
tained: 


Mobturc , HU. H per cent. Nitrogen.I.(W per cent. 

Volatile matter. It.ft per cent.. Fats......4.7 per cent. 

It whh grantdiir in structure and not offensive when removed 
from the tanks. Ka posed in thin layer* for about 4 day* the 
hlnek color, due to ferric sulphide, disappeared, leaving the 
materia! similar to humus. 

The H,,t of dSposiil for the 1200 eu. yd*, of Kludge removed 
was about 50 ct*. per eu. yd. 

/'/mo/nW, \. .!:■ Tlie population of 20,550 persons furnishes 

* uf r«iy KtmV for year crniln# 80 , 

« Urp s* in. liiti*. mm 

V*4, IX IV.ihtfW. 



a,bon(. 1niHlion gallons per day of domes! u* to I .u«pt h* 

tanks having a combined capacity of I,.‘If* million gallons. 

In March, 1910, 1900 cu. yds. of wet sludge and cram worn 
removed, equivalent to 0.9f> eu. yds. per million gallon* of novuve 
treated during {he previous 11 months. 

In March, 1911, I0f>0 cm yds, of wet sludge and moiiu mere 
removed, equivalent to 22)1 cm yds. per million gallons of ^minge 
treated during I he previous year. 

No objectionable odors were given off except while the funks 
were being emptied. 

In 1910 the average suspended matter, in pails jar million, 
was as follows: 

In screened sewage loli, varying from III in loduimry to 271 
in November. 

In septic eflluenl f>0, varying from 12 in May fo 72 in Imcomber, 

The percentage of removal was, therefore, 91,.7, 

Tin* fats averaged 42.K pails per million in tie- screened sewage, 
and 27,7 purls per million in I tie septic effluent „ the perron!age 
of removal being about Jo. 

Ibn/cr/mr;/, ( Vu///J~~OI*Nervafinns were made lie* c i*f the 
results obtained with I wo septic funks ) I ft* * 0 fp b In, yil ft, 
in sme, of a capacity of nearly 4099 gallons each, bepiiminr in 
June,, 1905, and lasting IK months, The titne allowed lor 
sedimentation varied from K to 30 hours, and the irmlts weir as 
follows; 


TAlihK XIX 

ItfatovM, or Koun* iv Miaow 1 Vx»c* 


j Tank %*f 2 1 nuk \m I 


Average period of sedimentation, Honrs .) 
flortaontnl vel. hi fiuin jier sec ,.. ., , ; 

Wirt sludge in tank. Pm yds, per million gah i 
Ion sewage* i 

Dry solids deposited. Tuna per million gal- j 
Ion sewage. 

Per cent, retained in tnttk . 


IA A 

11. 

ti m 

tt II 

t .07 

0 0.7 

9/2;# 

It 2A 


■W ao 
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tabi.kxx 


I 'owosrnoN of Hki*tic HM’ixiK and Bcum in Te:hmh of the Wet Material 


# 

{ Sludge 

Benin 


Tank No. 2 

| Tank No. 4 

i 

Tank No. 2 

Pounds per etdae yard 

1721 

| 1748 

1047 

Specific gravity 

1.02 

1.04 

0.97 

Moisture, per rent 

80,4 

| 85.4 

80.9 

Tefal sftlids per rent 

14.7 

| 14.0 

19.1 

Volatile, per rent 

5.9 

| 7. 

.8.9 

Nitrogen, per rent 

0. 10 

0.22 

0.44 

Put >♦, per relit 

1 .54 

i. r >2 

2.00 

,s‘oeo/#r/o, A\ VJ Tin* volume of flow amounted 

in 1904, to 

from I 1/1 to 2 1/2 

million gallons 

daily of weak domestic 

sewage, flu* popular ion 

varying from 12, 

000 in winter 

to 50,000 in 


httllilltet", 

(km position or Sewaok 


Parts per million 

Free ammonia . ........... .. . ... . . 20 

Allmminnid nmmtmiu * . ....... . . ....... 4 

l Wygeit eointimed. ... 50 

Smprftded solid* .... . 200 


There am 4 enjoin funks 0M/2Xf>l i/2 ft, holding 8 ft. depth 
of sewt§fr«% or with n tola! capacity of 3,000,000 gain, 

11 if* period of retention of sewage mm 10 to 15 bourn. From 
July, I mi, until January, 1005, no sludge wan removed from 
sefdie tanks. 

Tin* following shows the results of the treatment; 

Total *Iry ^olifln received ...... .500 tons. 

t>ry wild* pitted in effluent . 175 tons ^15 per cent. 

f try wdtd j lit tank* Jain f» I M3 ,....., *. - »- - • 100 tons ^20 per cent. 

Dry wink removed hy digestion , ........... .o. 225 tons-45 per cent, 

s Em K*r ft Vol W t 1 »* M nml Mm N. Y> D^t, UUh, t 1907, Vol, It 
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Tim malposition of I Ik* sludge* and mum um a,- fdhowu 


Hliiilgi* Sruiii 


VVc*t. material: 

Sj><*cifi^ gravity I 044 o *n, t 

Moisture,.. Ul 0 per eent, My4 firr rein, 

Dry rtvsi<Iu<*: 

Volnf ile, ,, , |, 4 |##-r mu. |u if !«»■*' r«i?f. 

Fixed , , „ I ;»per mu. 4 4 p*'f ri'iif „ 


VI. Sn'iiuK i HOM Emm iii-ji 

Philadelphia Expert me td*> K\|n*rini# 4 tff^ umv mmfu in IMnla 
dolphin, with an Kinwdmr funk o ft. in dhmwhw and 10 it, Omp, 
Tim roniral bottom inrllimd 20 «h ¥ a ( r*m> to fin* honmuful, By 
a cylindrical baffle*, flu* motion of fla* wnuym vs,a-- In -t dm^nauni 
from flic* annular iiifliinuf eltmiimi mii oumdio*/ flu* « k « in*al i«* j ?d 
and than upward to flu* nffiuun? af t ho pmijdmm nh*mt I f 2 
ft * in each dime! ion. 'Flu* slttdgo rlmtffbur u ay ab«oi? I it t lu 
ofiWtivo depth, The time of parna^e wa* about 2 iinum Dmm 
ing 2 months' use (Jam 12 fo Apiil Id, lODb X i prf rep* r m| ill** 
suspended solids were removed* lenuim in the rfllmn? 02 jmfu 
pur million. 

The* sludge produced had the following rhmumeii ^ho: 


WVt «1 i id go: 

gravity , 1 ns,;# 

Moisture, , , sy >i permit, 

Volume |«*r million gals, of n'jiitim . , * ft 0« u* 

Dry residue; 

'Volatile 4^ 

Fixed 04 pM <ujf» 

Nitrogen . I 2 pm m»F 

Flit#. , It 4 |«t # rf*t, 


The result h obtained arc* not #t Hmly eoinpa table mil It t in or 
from a tank of flic* 20 ft* depth recommended U\ |tr, 

"Hie* deeper tank would produce n dnd*/e %%hh mo*-dure and 

with a larger titnounf of entrained gas, which w*mld I#* »#f odew* 
cjiutui vidua in assisting fin* promts of drying. 
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1 In* evolution ot gas appears to have been quite active in the 
Hedge chamber. If wan inodorous and presumably composed 
chiefly of methane {('ll*), 

A ubhdnnui from ihe tank Hie sludge was “fine, granular 
and homogeneous; considering its relative dryness, it flowed 
freely and did not have an offensive odor. When withdrawn 
ij’inn, t he dudee outlet, t lie* odor was decidedly ‘tarry/ and 
after a lew days tin* dried mass was inodorous/ 7 The solids 
appeared in have been completely digested. 

The composition of tin* scum was as follows: 


Wet altiiltn*: 
Specific gravity 
Mei 4 nn* 
f try red*ban 

Volatile 

hived 

Xff regeft 

let . 


1.05 

87.2 per cent, 

01 .8 per cent. 
02,8 per cent. 
1.9 per (aait. 

14.2 per cent. 


( Eyjt* n'/?n ^t. A K\perimenfs wit h the Ihnscher tank 

haw* been married on by the Hhicago Sanitary District. 

Tin* total depth of the circular tank was ,17 ft. and the inside 
diameter 7 ff, G ! /2 in. An bS~Im central vent pipe was supported 
by a conical hood separating the* two chambers and a cylindrical 
I critic earned the sewage f‘td c*ring near the central vent to descend 
to a depth of at 1 euM 4 ft. from the surface and Hum rise to the 
opcode* leading to the 2dm effluent pipe. The sludge chamber 
be! ii to!al depth of 12 ft. 2 tm, the lower 4 ft. forming a (tone 
vdHi a dope of 15 degrees. 

Th«* onviige flow amounted to 48,500 gallons per day from May 
2P to Jane 7, HUty 41,000 girihms per day from June 8 to Hept. 12, 
and ! lieu bhoUd gallons per day to Nov. 1. It was first passed 
through a 5, s in, screen and then pumped from mid-depth at 
i he screen chamber through 40 ft. of force main and a grit cham¬ 
ber in tin* funk, The time of passage through the tank was 
about 2 hours, the biter pari of the time the capacity of the 
upper chamber being 1175 gallons. The reduction of suspended 
tnnt for front 01 per cent, to GO per (amt. after the operation 
wm iii*ll established. About 2 cm yds. of sludge were produced 

1 * it mg i" M % i ?fti i „ ( 1*1*4 Krtfpfiw* mid Ouigdmi Wmmu Amintont Kntfinocr, the Sanitary 

IliUrCil *d * tii* 1 
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per million gal. of sewage during tin 1 Miinmer and foil <0 lit I (l, 
having the following characteristics, and lUtdrn. yd . pm million 
gallons of completely digested sludge per million •ioIImu- during 
a period of "> mont hs. 1 

Wet- Kludge: 

Specific, gravity, .. * 

Moisture ...... Hit n* W* 

Dry residue: 

Volatile matter, , f«/ n 

Fixed matter . . f *I D ,f **« * 1 


With prolonged operation, and whom Hm dmbm <dmmhm i 
are of Huffudnnt depth, any mixing of fit** top and L*d turn 
of nludgo will he prevented and there will he n yneimd iimu*- 
meat downward toward the bottom, «U the dud/e npimcirln^ 
the outlet, ihc^ organic ingredients an* more and fume fjerompo-od 
ho that a more favorable condition* when dbohurm'd, mav be 
oxptwtod than in the cane of the ta*mpnramely Mimll exjieri- 
mental plants at Philadelphia and flimimm 
Tin* following table gives comparative data for * # vrrnl plante 
in tlie Mruseher district." 

TABLE XXI 

Ekbclts of Timvnmw tv itti L^ortii n fii-mm t 

j ItriTliiirJireom Um DvM i vt, u % \\ 

\ Llltime i *i detoe ^ 


Pitta Id; n 

if,V» a 1,t :* 

mf a vi o 


4*» '' lift 

■ o ri?* 

i v, / Vi h 


ft i 

n { 

m 


;m i i/i 

1-1 i M \ 

i/m 


i m 

‘ * \ 

i rj 


Hi! if 

T* § l 

»• *« *« 



Btwpffiidol fioliilfi! j 

Total .........., ... 1 

t trctuw' 

Mtni-rnl 

Avmtm percent, removal nt | 
to till MWjtwidecl wiliik : ; 

Fmml of rtwiiwoaiitiofi, lioitri 
Blwdjp, nil fin yank per itiilktii j 
ftitlloim. J 

F«r mmt, mokfurr in Static 


In comparing those results with tbutte obtained nt I'bihdHphot, 
th(i Oennart plants an* wen to handle » mu« h don o-r lo-wage 
combined with a lower jierrentuge of tnoFtnre »t» iI m- dudee 
resulting from briefer jiorind* of It iweild b» 

remembered, too, that the sewage in the Km?)* her |lf»triet 

1 »'•!> un Sbw Oi .ji , ««■-«,, <Us. M Inti 

« Tivhnimhm UmriiMibtti,, Mar,. I«M Hmt ,\V>> *, V»,« t.X V. j. i/u 
*The *lu<iK» a[«wf«* at Htmkllngtmtmv i* iiwiWiorfj* tut wtitbu- 
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includes large volumes of trade wastes. For these reasons 
furt her o\jMTifjirt* under normal American conditions, and with 
full-sized plants, are necessary before* the true relative value of 
this prone*.** ran be established. 

In it paper presented by Mr. Charles Saville 1 to the Boston 
Society of Civil Kngincers.’ he states that from 65 to 75 per cent, 
of the suspended solids in t In* sewage are usually removed. The 
-cutis formed is generally of small amount and quite odorless. 
It requires hm-tening with it rake once it month or so, to permit 
the e.-mpe nf ».*(-, and allow much of if to deposit, but about 
once u year it becomes necessary to remove the scum from the 
Mlt'fiiec, 

The sludge is drawn off at intervals of from 2 weeks to 6 months, 
preferably the more frequent period. This should not be done 
by t-nejion ns this removes the entrained gases which it is desir¬ 
able to retain incorporated with the sludge until placed on the 
drying bed; nor should withdrawal Ire so rapid as to permit the 
for mat ion of a cone a* the surface and the consequent entrance of 
;,.r*. a dr-eribed by UI>uer. The effluent pipe, should then 
be Idled with water or sewage to prevent the formation of an 
interior crust and consequent clogging with the next dose of 
sludge. 

Tin* energy with which digest ion takes place probably depends 
to a great client on the temperature. In the Kmsohor District 
the temperature in the sludge chamber remains practically 
between 55'' and o:S ; even in winter. If the tanks were above 
ground or in a much colder climate the sludge chamber would 
probably have to lie of greater capacity on account of the- de¬ 
creased bacterial activity. 

In the design of Kitwhet* tanks the space* required for sludge 
> tor-age should be approximately known. Until more is known 
regarding the rate of progressive concentration, duo to digestion, 
ii will be safe to assume the volume of the sludge during storage 
ti mean between that, required for Fresh sludge and that finally 
produced by the Ktnscher tank from the sewage treated during 
tin* assumed period of storage. The volume of fresh sludge and 
tin* period of retention may be assumed from the data already 
given in the discussions by Dr. Mistier atul Dr. Hpillner. 

If wo assume K(> per cent, moisture in Umseher sludge and 90 

I A .'..fOniml vwrH U.r tirrn ..1 Hoimc im.iOwry. Koruuiriy with tho KmiKlmienimit^ 
wfatft ** tWmu 


saw Mil-: si.riMh 


por root. in froshlv sol tlod altidym flit* la Mm \\ lit ‘m-upy * u ],. r |j M 
volumo of tin* fonnor, n 11 * I an «^ | uni Jnimitm 'a ili - H-r^jn I I ; 

fimos tho volumo of Kiiorhor .dudm* v, Ini. ^moam< h 
Thoroforo, if: 

v How of sow ago tit gallon; por »*api? n pin Ony 
T tola! daily flow of , ma; m*‘ 
r populal ion shrvmi 
I) • days’ rolonlion of dttdtm 

(* offoolivo rapaaify of diyo*don rlmmo* j in "!/,.( n »«y 


Thou, for oonibinod 


s , m : 

liiMm im,oun /*// 


for soparato sowago, < ’ d/idil 


:\jpn PIk 


If wo know I ho pari* por million of u p* mPm ojol * \ h-n nnv 
bn oxpootod fo sol I tn out from a homy n * a am |i a! - pa , mw 

through tho sodiinoiitntion Hunuhor and h *m- m *vpt i jm mit 
mate* of Spillnor and IlliifiL n»m joum 17#. m m« to*' mdm ?Jon 
in fho volition of sludyo by fV, pmom^ p Mm Pm* Mon 

rhambor of I ho Kmmdmr tank and by -no mpono *b mmimp 
fhoro will result tho ijiuiniilim «dn‘n hi fin* tollman, - ? p„p 

Tutu; \\jf 

VoMIMJ} OF SU'UOK 4\I* \|ll ftiain Mi ,-j. a \\t * ? i»fs * or 

Howaoiv of I>iH'raii'A'i 1 In.mo in * imm **4 j'ihv)? ;m „m <t llio , i 

I \m i iiom | 1 w h a i it l ^ r s, ‘I ! Mi i *, o » 


Hii»nojitol 
wtlUhi in 

iwwiik** 

million 


I v iH", If- 4/ -44 a** 


iWnitifi? 

a,i j*»*r o'ia 


M-j' > it* 

•in v ! ‘» * 


ij to * 

#!ii*li§t» 

» . •(». t < >, 


< U'f.j- • . 

mm a. a 

i»iM§ffc«i 

* '*» n, ' 


“ lyiwnfi-- la |«*r mil, of 4iplnr »tf|i w> ?< *.f 
J KtpniO 40 |w*r o^*n of KttiiiOiH nU*h*‘, 
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Imlioff gives the sludge produced by the combined sewage of 
Bochum as 0.2 liters, or 0.007 cu. ft. per capita daily. 1 If v = the 
sewage flow per capita daily, the sludge resulting from each 
million gallons of combined sewage will be 7000/r cu. ft., or 
2QQ/v cu.* yds. The sludge resulting from separate sewage, 
Dr. Imhoff says, is about half as much. With these assumptions, 
the following table of sludge volumes, which was prepared by 
Mr. John H. Gregory for the Metropolitan Sewerage Commission, 
of New York, gives the sludge output that will require final 
disposal. 


TABLE XXIII 


Sludge Produced by the Em sc her Tank with Sewages of Different 

Strengths 


Volume of sludge 


Sewage 

.....- -.-. 



.-. 

flow 

gallons per 

24 hours 

Separait 

system 

Combinod system 

0.0035 cu. ft. 

per capita per 

0.007 eu. ft. per capita per 

day =3.5 cu. l’l 

. per 1000 pop. 

day®*7.0 cu. ft. per 1000 pop. 


per 

lay. 

per 

day 

Per capita 

Pubic feet per 

Pubic yards per 

Cubic foot per 

Cubic yards per 

million gallons 

million gallons 

million gallons 

million gallons 

50 

70 

2.6- 

140 

5.2 - 

60 

58 + 

2.2 - 

117- 

4.3 — 

70 

50 

1 .9 - 

100 

3.7 

75 

47-- 

1 .7 + 

93 + 

3.5- 

80 

4.4 - 

1.6 + 

88. 

3.2 + 

90 

| 39-- 

1.4 + 

7S ...~. 

2.9- 

100 

I 35 

1 .3- 

70 

2.6 

110 

| 32- 

l .2-. 

64 — 

2.4- 

120 

| 29 + 

1. 1.- 

58 + 

2.2 — 

125 

i 28 + 

1.0 + 

j 56 ‘ 1 

2.1- 

130 

| 27- 

1 .0- 

! 54 — 

2.0 

140 

j 25 

0.93 

1 50 

1.9 — 

150 

| 23 + 

0.86 

j 47 — 

1.7 + 

160 

' 22 — 

0.81 

j 44- 

1.6 + 

170 

| 21- 

0.76 

j 41 - 

1.5+ 

175 

20 

0.74 

1 40 

1.6- 

180 

! 19 + 

0.72 

| 39- 

1.4 + 

190 

! 18 + 

j 0.68 

| 37- 

1.4 — 

200 

17 + 

1 0.65. 

i 35. 

j 

1.3 


1 Wasscr und Abwasser, Feb. 4. 191.1, p. 446. 
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\'I I. Sl.l'IXJK iUOM Chi.mx u, I’l/I.i li'll Vil'<\ 

Mnaxachiixctlx Slate linuni of Ht tilth.' \ number of 

experiments have been made by tIn* \br*u>lHi e»i Sim*. Huartl 
of 11 on chemical precipitation. Thc~o indh-etc i loti In Uo* 
proper use of copperas, ferric sulphate or alum, all fie- Mi-pcmied 
matter and from 2A to 4.'i per rent, of tin- soluble <ngnnie matter 
of sewage as indiealed by albuminoid ammonia may lx- removed. 

“ Using equal values of tin* different preeipitan» applied under 
tlu; most, favorable conditions for ejteii, upon the ante . mue/e, 
the best, results were obtained with terrie '-ulphav, Wady as 
good results were obtained with eoppi*i;e and lime, w hi!*' lime or 
alum alone gave somewhat inferior effluent C 

During tint A years, beginning with re wage Am- treated 

with 1000 lbs. sulphate alumina per million gallom. -oid allowed 
4 hours for sedimentation. A,* a remit them u*moved; 

Total albuminoid ammonia, AO per me . *, ;n> in;' from Att to 
02 per eent., in different year 1 ;. 

Albuminoid ammonia in smpendon, 1* p<i ort„ varying 
from 72 to 82 per eent. in different vi-am. 

Fats, A!) per cent., varying from 47 to .no per . en« in different 
years. 

Worcedtr, A/rm.^-The sewage in lull) nvemgrd I J..V7 million 
gallons per day (or 107.2 gallon, per capita,, bo-hiding ;U<‘ 
million gallons of infiltration and a hour amount os taeforv 
waste, rendering it decidedly arid, Of d»b volume mi a vet age 
of 0,81 million gallons of sewage per day were treat* d with *W» 
lbs. of lime per million gallons. After bom 0 to 12 Jemo* of pie. 
eipitation, 3 the sludge pmdttml amounted p, 22 < u y,h. per 
million gallons, representing 77.8 per cent, of »jm on pended 
organic? matter. 'litis is drawn of by a floating atm and raised 
by Hhone ejectors to a. storage tank where ;{«> to At) }!»;-. *,f lime per 
thousand gallons is at hied in the form of milt of lime, JA or 2ft 
per omit, of tlu* stqtenmtnnt Ibpiid k, draw n off to mud hltei* ami 
tlm heavy sludge pumped uiuier a pressure of w) lbs, per square ■: 
inch to filter presses. When pressed, this pmdinw 8,0!) tons of 

1 R«*p* Rurifkiif fo» rtf ttpwflftr* ttft4 IW, p SWi %n li* v p r<l 

* Hu|>t. ut I Will' W 

*Ttww im* nix prinifirr tmtw, y» mw* t |i#i h , u\ J i !« * u m w *ti»fi 

ft ttf Sim t (XH> mfamn md Iff mmmdmy m im ll \% H, 

xw ft, x? rt, tn nim wifi* it MipM'H# «f im.mm **iibm 
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.dud'm i'ulv per million gallons, which is taken by cars 3/4 of a 
mill* ami dumped on low-lying ground. 

I? iia mu U*i*n found economical to reduce the moisture by 
pressing as low as (>0 per cent., but rather to let the cakes dry on 
1 he dump, 1 

The results of precipitation are shown by analysis as follows. 

KKSUH’M ON EVAPORATION 


Parts per million 

Per cent. 

removed 



A ve, MewnfW 

S A ve, (‘llluent 


Trft,n!; : 

TltlltJ , 

789 

097 : 

11.7 


545 

637 

16.9 

Suspended 

.»! 244 

00 

75.4 

Volatile: s 

Tfi«»l, , 

.! 3§7 

300 

18.3 

ili/i»lvvd 

i 228 

271 

—18.9 

SmpewNI , , . 

im 

20 

79.1 

Fixed: 1 

1 <*«»!, 

422 

:«)7 

50.2 

fit waived 

317 

• m\ 

- 15.4 

Suspended.. 

105 

31 

70.5 


TABLE XXIV 

fU«ori 4 * in C'lmMicwn’PKKamwTum at Woiuwhtwh, 

Masha mi twirm 

Toi year*, 1001 10 

Year emlist# 

Nrnr.HO, im j. | 

Maximum Minimum ' Average 


lit %* * #rplie # f#<r mu - > 

m UudiW |#‘f mil 

3 ,4m mhh* §»’f «tftle« wwm*' 

it? <i"U *J 

tWUfcN lift*** |w f f fWW pillUIW 

f n% 

ih't nollsHfi gallon* 

iv* *wf» mum . 


im ho i 

04 .7.1 

00.20 

92, HO 

m 4 ‘ j 

73 0 

<57, H 

00.4 

1.17 

1.74 

0.00 

1.07 

53.5 1 

m,n 1 

20.0 

40.7 


$4,53 

j $6.03 

!' $3.86 

| $5.05 

*8.88 

i 14 * 33 

$3.no 

i $3.74 


1 An, IN#, IHftieM* 
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Providence, R. I .—The average volume of sewage treated per 
day for the year 1910 was 14,652,329 gallons. The total sewage 
produced was about 15 million gallons per day, and the popula¬ 
tion served was 199,000, making 75 1/2 gallons of combined 
sewage per capita. This contains wastes from wool-washing, 
dyeing, bleaching and jewelry works, and its analysis shows the 
following albuminoid ammonia in parts per million: Suspended, 
4.84; soluble, 4.68. Total, 9.52. 

This was treated with 485.5 lbs. of lime per million gallons, 
removing 48.32 per cent, of the organic matter (as albuminoid 



Fig. 40. —Sludge presses, Providence. 
(Courtesy of Mr. O. F. Clapp, City Engineer.) 


ammonia), and 82.64 per cent, of the suspended matter. The 
sludge amounted to 23.15 cu. yds. per million gallons and con¬ 
tained 92.07 per cent, moisture. 

Sedimentation takes place, first, in 4 primary tanks 11.87 ft. 
deep and then in 16 secondary tanks 8.67 ft. deep, whose aggre¬ 
gate effective capacity is 11.13 million gallons. About 93 per 
cent, of the sludge is removed by the primary tanks, so that at 
times it has been possible to omit the use of the secondary series. 
The sludge is forced under a pressure of about 70 lbs? per square 
mch to 18 presses holding from 43 to 54 plates, each 36 in. 
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Hi|iinr<\ by which si is press'd into cake from 3/S to 1 1/4 in. 

fhirL \h*.ip 5.01 tons of rake per million gallons of sewage aro 
pmum-eh, »wU.3l Om per cubic yard of wo! sludge. r Fho pressed 
' v n.e f '**iit ;*111 ♦ 2.1 per cent. moisture. IA>rty-soven pounds of 

him- {•*<” Aft.u ond gallons were added to the sludge before prcss- 
mm 1 v.«, men working together will remove about 50 tons of 
: o*m Am pm • -os in 10 hours. Ordinarily, eight men are 
employed on 10 proves. 

‘Hu* «'m ? ».f I'homitad precipitation in 1910 was $3.11 per 
million gallons of rnwiige, mid that of sludge disposal/$4.06, 
making dm total oust 87,17, The sludge pressing cost $2.02 per 

Oil! of Mfild'*', 

1 . 9/m, 1 \ooul 1,0 million gallons of sewage per day 

veto received by a separate system of sewers from 0500 persons 
in 1007 and pitted though 2dm and 1/4-im bar screens to 3 
pruripit ut ion tank % SO It. /40 ft. X 0 ft. in size, having a total 
*4 120,000 gallons. The sludge Is pressed, reducing the 
iiifii tine from kh per emit, to 47 per cent., 1500 tons of wot 
dmbn fiu't/nddiie 00 tons of pressed rake, or 2.5 tons of cake per 
million guilofo of saoifc, Tlie sludge cake is usually taken 
u h a **, Iy tmmen Jor tmiilizer. 

1 lie eo4 of operation was, in 1000,45 (its., ami in 1907, 55 els. 

per eupif ;n 

f 'tuiHu^ uh*<*A About 2 1/2 million gallons of domestic 
m-v/nm were niiitribnteif daily in 1908 by a population of about 
23,500, \tfer pa, dug a screen rack 2 ft, 0 in.X4 ft. 2 in. in 
size, inclined 20 degrees to the vertical, and composed of 3/10 
in, 1 1; I tii, bars, ml 7/8 in, apart, the sewage, winch contains 
bin Tl part * per million of suspended mutter on account of the 
laigo proper*hot of ground water, is treated with about 13.0 
plain* ts lime pm* gallon {1 ton per million gallons) on week days, 
ate! hah dim uiitmiitt on Sundays. It then passes to a series of 
1 ia? do If Hi ibydif fbXo ft, in size, having a total capacity of 
7111/111111 millotep tor precipitation. The surface velocity was 
fftmmtirod hi the fir'd of these tanks and found to be 41 ft. per 
ftiffifpe, In the of her I low tanks it was 27.8 ft. per minute. 

Tfrn period id retention was 0,7 hours. The first two tanks 
me cleaned 3 tinier a week, the last two 2 times a week. The 
budge U pumped to neighboring fields and plowed under, but 
IftA mode fit disposal has not proved satisfactory, 

1 3U n fee** If*eu4 «>{ tU ilfie IUUH, 
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The cost of operation in 1901 was $3850, which, at 2 1/2 
million gallons per day, would be $4.22 per million gallons. 

In winter, with plain sedimentation, 13.7 cu. yds. of wet sludge 
were removed in this way per million gallons of sewage, while in 
warm weather, with chemical precipitation, the amount removed 
was 14.3 cu. yds. per million gallons. The suspended solids, 
which amounted to about 86 parts per million, were reduced by 
about one-half in each case, and with chemical precipitation 
the total organic matter was reduced by about the same amount. 
The greater part of the sedimentation took place in the first 
tank. 

The results of several analyses are given in the following 
table: 


TABLE XXVI 


[Removal of Suspended Matter at Canton 




Parts per million 


Per cent, 
removed 

Tons of 
dry solids 








removed 


Total 

Volatile 



per 

million 


Sewage 

Effluent 

Sewage 

Effluent 

Total 

Volatile 

gallons 

sewage 

Plain sedimentation: 








Jan. 16, 1907. 

83 

41 

42 

29 

51 

31 

0.175 

Feb. 26, 1907. 

124 

61 

62 

28 

51 

55 

0.263 

Chemical precipitation; 








Aug. 9, 10, 1906. 

43 

42 

31 

30 

2 

3 

0.004 

July 17, 1907. 

89 

51 

47 

40 

45 

17 

0.158 

July 18, 1907. 

118 

58 

65 

30 

51 

54 

0.250 


Although about 50 per cent, of the organic matter is removed, 
the effluent is unstable and not entirely satisfactory, and the 
extra cost, due to the use of chemicals, does not appear to be 
justified by the results. 

The annual cost of operating the works is about 15 cts. per 
capita of population. 

White Plains , N . Y . 1 —This plant, operated under the patent 
process of J. J. Powers, will soon be discontinued owing to the 
construction of the Bronx Valley trunk sewer. In 1907 there 
were nearly 14,000 persons contributing about 850,000 gallons 
of strictly domestic sewage daily. 



1 Rep. N. Y. State Bd. of Hlth., 1907. 


1 
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This passed through a vertical screen of 1/8 in. X 1/2 in. bars 
4 ft. long spaced 1 in. center to center, to a sedimentation cham¬ 
ber 45 ft. X 24 ft. in size; 5 or 6 barrels (1200 to 1300 lbs.) of 
lime were added daily with a varying amount of perchloride of 
iron—frequently a carboy (140 lbs.) a day. 

When removing sludge, once a week, the tank is disinfected 
with chlorine, as described hereafter for the East New York 
plant. 

The sludge, amounting to about 35 cu. yds. per week, or 5.9 
cu. yds. per million gallons of sewage, is pumped to 2 drying 
beds having an area of about 3600 sq. ft.* After drying, a small 
part of this is utilized as a fertilizer. 

The annual cost of the process for material was: 


$ 761.25 
1,155.00 
3,136.00 
154.00 


155,206.25 


or $16.78 per million gallons treated. 

Brooklyn , N. Y . 1 —The Borough of Brooklyn, New York, 
maintains 4 chemical precipitation plants, employing the process 
patented by J. J. Powers. Two of these are at Coney Island, 
one near Sheepshead Bay, and the third and largest at East 
New York. Being similar in principle, the latter, only, will be 
described. 

The sewage, amounting in 1907 to about 12 million gallons 
per day from a population of about 100,000 persons, including 
the .surface drainage from 3200 acres, is first dosed with lime 
to the amount of 5 bbls. per million gallons and then enters, in 
parallel, two sedimentation channels 16 ft. wide X 7 ft. deep X 
B50 ft. long. From these it passes to a well 40 ft. in diameter 
from which it is pumped to an outfall flume. 

For from 36 to 48 hours before cleaning out the tanks the 
sludge is disinfected with chlorine generated from 108 lbs. 
sulphuric acid, 64 lbs. common salt and 48 lbs. manganese dioxide. 
The sludge is then pumped on to shallow lagoons excavated near 
the plant and dried. 

1 Rep. Metropolitan Sewerage Com. of N. Y., 19X0, p. 259. 


Coal, 145 tons at $5.25..... 

Perchloride of iron, 300 carboys of 140 lbs. at $0.0275. 

Lime, 2,240 bbls. at 1.40. 

Vitriol, 40 carboys of 140 lbs. at $0.0275. 
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fertilizer. By the removal of fecal matter from cesspools before 
it has been diluted with any large volume of water, the processes 
of sedimentation and separation are avoided, although for other 
reasons the use of cesspools is not to be advocated. This method 
of disposal has been employed up to the present time on such a 
large scale in Baltimore, Md., that a brief description is given 
here. 

A contract is entered into with the city by which the right is 
secured to charge the householder a certain sum for the removal 
of night soil. This is drawn by suction withq “odorless excava¬ 
tors 77 from the cesspool when it becomes necessary, and con¬ 
veyed to barges holding 450 loads of six barrels (about 200 
gallons net) each, for which the contractor operating the barges 
receives 25 cts. per load for disposal. In 1909, according to 
Dr. James Bosley, Commissioner of Health, 61,748 loads were 
removed in this way, in addition to which more or less finds its 
way, illegally, by other channels to farming land in neighboring 
counties. 1 The barges are towed down the Patapsco River, 
chiefly to Bear Creek, about 8 miles distant, where their con¬ 
tents are pumped by specially designed pumps of large capacity 
to lagoons prepared for its reception by the farmers. An 
ordinary lagoon or pit holds a scow load, or about 100,000 
gallons, and the operation of pumping occupies about two hours. 
For this amount, which is delivered to him as required, the farmer 
paid the contractor several years ago $1.67 per thousand gallons. 
The heavy sludge remaining in the scow is removed by shoveling 
into carts and is also taken by the farmer. 

The pits are used merely for storage until the material is 
required, when it is bailed with long-handled dippers into tank 
carts and sprinkled over the fields. 

A large variety of crops is fertilized in this way. One farmer 
stated that he had used 6 barge loads of night soil (at the rate 
of 4000 gallons per acre) and 35 barge loads of garbage (also 
handled in this way) during the year on 150 acres of kale, cab¬ 
bage, tomatoes, potatoes and spinach. The liquid portion 
appeared to be more immediately effective, but the heavier 
portion produced a .more lasting effect. 

The odors in the vicinity of these lagoons are very offensive, 
but, so far as known, they have not had an unfavorable effect 
on the health of those living on the farms. The nuisance from 

* Also, about 2030 houses are connected (1911) with storm water drains. Dr. J. M. Bosley. 
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flies lias been considerable and the possibility of conveying 
disease by them should not be forgotten. 

A more serious objection lies in the illegal use of night soil on 
growing vegetables before gathering for the market. This is 
very difficult to prevent on account of the inaccessible location 
of the farms. Application to the crops is supposed to be made 
several weeks (10 in the case of kale) before gathering. 

With the introduction of sewers this system of disposal and 
utilization will, of course, be abandoned. 

2. Dumping at Sea 

Disposal of sludge by dumping at sea, as practised at London, 
Glasgow, Dublin, Manchester and Salford, is almost unknown 
in the United States. The cost at several of these places is as 
follows: 

TABLE XXVIII 


Cost op Transporting Sludge to Sea. Adapted prom Report V, 
Royal Commission on Sewage Disposal 


Place 

Years 

Average 
tons of 
sludge 
per 

annum 1 2 

Average 
per cent, 
moisture 
in sludge 

Total cost in 
cents of sea 
disposal 
inch int. and 
sinking fund 
per ton of 
sludge 1 

Cents 
per ton 
of dry 
solid 
matter 1 

Cents 
per ton 
of sludge 
90 per 
cent. 
water 1 

Remarks 

Glasgow. 

1906-7 

341,600 

86.8 

9.7 

74.0 

7.42± 

60 year loan. 

Salford. ,. 

1902-6 

152,320 

79.0 

17.1 

81.5 

8.15 A 

Heavy canal 
dues. 

Dublin.. 

1906-7 

128,307 

90.0± 

9.0 

90.9 

9.09A 

No harbor 
dues, short 
distance. 

London... 

1903-6 

2,838,080 

92.0 

8.2 

103.0 

10.30± 


Manchester... . | 

1903- 

4-5-7, 

188,720 

86.0± 

17.4 

124.7 

12.47A 

Heavy canal 
dues. 

Southampton., 

1908-71 

15,624 

90.0± 

30.5 

305.9 

30.59 

By contract. 


Further details are given in the following table: 2 


1 Tons referred to are of 2000 pounds. 

2 Fifth Itep. Royal Corn, on Sew. Disp., p. 167. 








TABLE XXIX 




I 

COF 

it per ton i 

Cost per 

million gallon 

Works 

For 

year 

Per cent, 
moisture 

Land 

charges 

Sea ™ , . 

, Total 

charges 

Land 

charges 

Sea 

charges 

Total 

London: 

Barking. 

. . 1907 

92.04 

$0,050 

$0,067 $0,117 

$1.57 

$2.10 

$3.67 

Crossness. 

. . 1907 

91.65 

0.046 

0.067 0.113 

0.78 ! 

1.13 

2.91 

Glasgow: 
Dalmuir. 

. . 1907-8 

86.69 

0.016 

0.049 0.065 

0.34 

; 1.06 

1.40 

Manchester. 

. .; 1906-7 


0.044 

0.117 0.161 





The first three sludges are from chemical precipitation and 
the last from septic tank treatment. 

Recently Providence has disposed of its sludge cake by dump¬ 
ing it in Narragansett Bay from a scow 135 ft. longX38 ft. wide 
Xll ft. deep. This is divided into 6 compartments and has a 
capacity of 850 cu. yds. when filled level, and 1050 cu. yds. 
when heaped. This is towed about 10 miles down the bay and 
deposited in a depth of about 65 ft. of water. 

As already mentioned, the sludge removed from the deposit 
sewer of the Boston Main Drainage is taken by a scow out into 
Massachusetts Bay and dumped in deep water. 

Disposal of sludge by dilution is also practised at Columbus, 
Ohio, where it is stored until the river water is in freshet or of 
sufficient volume to render its discharge unobjectionable. This 
was also tried with the sludge from the experimental tanks at 
Waterbury, Conn., where it was observed that when diluted by 
1650 volumes of water in the Naugatuck River, there were no 
apparent odors resulting and the mixture was non-putrescible. 

3. Application to the Land 

Direct application to the land is frequently employed at small 
works. The ordinary cost of this is given by Mr. W. B. Ruggles 
as from 40 to 50 cts. per ton of the solid content and the area 
required is from 1 to 2 acres (2 or 3 in. deep) per 1000 tons of 
sludge. 1 Where trenching and burying is used, the cost is about 
9 to 14 cts. per ton of wet sludge, or from 90 cts. to $1.40 per ton 


1 Kinnicutt, Winslow and Pratt. 
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of solids, exclusive of the cost of land. The area required is 
from 1/4 to 1/2 acre per 1000 inhabitants/ or from 0.2 to 0.4 
acres per 1000 tons of sludge. 

At Mansfield, Ohio, the total cost of disposing of 1200 cu. yds. 
of septic sludge on the land, employing 6 men and a horse at a 
cost of $15 per day, was about 50 cts. per cubic yard. About 
40 cu. yds. were handled per day of 8 hours. No nuisance is 
experienced except during the operation of emptying the tanks, 
when there is a noticeable odor. 

At White Plains, N. Y., the sludge from chemical precipitation 
is pumped once a week on to land to a depth of 3 in. In about 
7 days it dries sufficiently to be winrowed and is later wheeled to 
a dump. About 5 cu. yds. were produced from a population of 
14,000. Two sludge beds of 1800 sq. ft. each were used alter¬ 
nately. 

Drying in lagoons is practised in Reading, Pa., the area required 
being about 1/4 acre for the 4280 cu. yds. of wet sludge produced 
in 1910. No offensive conditions were noted during the year. 

Experiments were conducted at the Philadelphia testing sta¬ 
tion with drying in 4 lagoons 8 ft. X 12 ft. in size. 

With sludge derived from plain sedimentation, the results were 
as follows: 


TABLE XXX 

Results of Drying Sludge in Lagoons. Philadelphia 


.... 

i 

.... 


.. 



1 

Time in days 

i 

Depth in 
inches 

Per cent, 

1 moisture 

Rainfall, 

inches 

Cubic yards 
sludge per acre 

Screened.. . 

J 0 

12.20 

82.8 

0 

1600 

Screened.. . 

26 

7.67 

! 57.0 

0 

1000 

Screened,. . 

49 

j 

3.50 

51.6 

0.43 

470 

Screened.. . 

1 

.; 0 

13.50 

90.1 

0 

1800 

Screened.. . 

62 

7.00 

61.0 

3.14 

950 

Crude.. 

0 

12.00 

! 88.7 i 

o ! 

1600 

Crude. 

59 ! 

i ! 

4.70 

62.8 

2.59 

640 


In general, wet sludge 12 in. deep dries to about 60 per cent. 
moisture in 0 weeks, leaving about 0.4 of the original volume to bo 
removed from the bed or lagoon. 

1 Eng. Bee., Vol. LXIII, p. 79. 


























SLUDGE TREATMENT IN THE UNITED STATES 241 


Sludge from the Emscher tank dried rapidly and soon became 
odorless. It was run onto a bed under cover consisting of: 

Fine sand. 

Gravel. 

Sand. 

Gravel. 

Broken concrete 

This was underdrained by 3-in. perforated tiles. 

It was found that 12 in. of sludge placed on this bed in winter 
was in condition to be removed in 12 days, although containing 
68 per cent, moisture. 

The average time for drying in the Emscher District, according 
to Mr. Charles Saville, 1 is about 7 days, but in summer it is 
sometimes removed after but 2 days, the moisture in the dried 
sludge varying from 55 to 65 per cent. 

Experiments were made in lining the lagoons with various 
materials: coarse sand, fine sand, rice coal and sawdust. Coal 
and sawdust were favorable to subsequent incineration while 
sand was liable to form clinker. “The thick layer of sawdust 
was more efficient than the thin, whereas the thick layer of coal 
was less efficient than the thin, and the thick layer of sawdust 
was equally efficient to the thin layer of coal.” About the same 
amount of moisture was removed by sand and sawdust, this 
being about 75 per cent. 

At the Elmhurst (Borough of Queens, New York) plant 
the supernatant water is drawn from the tank at mid-depth. 
The sludge with the remaining roily liquid is then placed on a 
sludge filter 20 ft. X 50 ft. in area and 3 ft. 3 in. deep. The 
filter is under cover. It is made of graded material varying in 
size from 3 in. at the bottom to sand, with 4 in. of combustible 
material—usually buckwheat coal—at the top. The bed is un¬ 
derlain by a system of 2 1 /2-inch steam pipes to facilitate drying. 

The heavy liquid is delivered to the surface of the bed by a 
12-in. pipe and a trough. The filtrate passes by underdrains to 
a pump well and the de-watered sludge is scraped, with the coal, 
from the surface after about 3 days’ drying, and burned under 
boilers. 3 

Tests made at the Chicago experimental plant showed that 
sludge from plain sedimentation containing 90 per cent, moisture 

i Ass’t Eng’r Emscher Association, Eng. News, Vol. LXV, p. 664. 


..6 m. at the top. 
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dried out to a thickness of 4 in. with but 50 per cent, moisture in 
30 days during warm weather. 

At Brockton, Mass./ the dried sludge raked from the inter¬ 
mittent filters was first burned on wood fires. As this caused a 
nuisance, it was then (1890) sold to farmers for $125, and later 
(1901 to 1906) for $150 per annum. Since 1909 it has been given 
away so as to secure a prompt removal. In 1908 the sludge 
averaged 136,000 gallons per day and contained 11,177.5 parts 
per million of total solids. It produced about 3500 tons of {by 
sludge. The rakings were of the following composition: 


Moisture. 16.22 per cent. 

Phosphoric acid.78 per cent. 

Potassium oxide. . .51 per cent. 

Nitrogen. 1.45 per cent. 

Calcium oxide ..30 per cent. 

Insoluble matter, sand, etc. 70.13 per cent. 


This is used as a fertilizer on corn, potatoes, millet and other 
grasses, but, with the exception of corn, additional potash and 
phosphoric acid are required. 

In general, the cost of raking and removing the sludge from 
intermittent sand filters in Massachusetts amounts to about 
$3 per million gallons of the sewage applied, or from 12 to 30 cts. 
per capita of population. 

In the arid portion of the west, conditions are more often 
favorable to the direct application of the raw sewage to the land. 
According to Dr. W. F. Snow, Secretary of the State'Board of 
Health of California, some towns in that state operating sewage 
farms realize from $500 to $5000 a year in the crops of hay, 
walnuts, potatoes, alfalfa and eucalyptus wood produced. 

According to Dr. Voelcker, 2 the yield of corn (wheat, etc.) is 
increased from 10 to 12 per cent, by the application of sewage 
sludge to the extent of 40 lbs. of nitrogen to the acre, while 
artificial fertilizers of equivalent strength increase the yield from 
16 to 17 per cent. The use of sludge increases, in particular, the 
stem of the plant and therefore the straw produced, but in any 
case its value depends even more on the amount of moisture and 
the lime contained than upon the percentage of nitrogen. He 
concludes that from a practical point of view none of the sewage 

1 Eng. News , Vol. LXII, p. 251. 

2 Fifth. Hep, Royal Com. on Sew. Disp., p. 187. 
















SLUDGE TREATMENT IN THE UNITED STATES 243 


sludges used would be worth 10s. ($2.50) a ton on the farm for 
wheat-growing purposes. 

The economical use of sludge as a fertilizer being exceptional, 
its disposal on land is reduced to either merely drying or burying. 
As to the choice of these, Mr. George W. Fuller states: 1 

1. That sludge drying beds are usually unsatisfactory for 
large plants and that when they have been used with a moderate 
degree of success this has usually been during cool weather. 

2. That the burial of sludge in trenches has merit in the case 
of small installations, but that in the case of large plants this 
cannot compete with the employment of the Emscher tank, the 
product from which is inoffensive and is therefore easily dis¬ 
posed of. 

4. Filter-pressing 

Pressing sludge is usually confined to plants employing chem¬ 
ical precipitation and where, therefore, there are large volumes 
of a rather watery product to be handled. 

At Worcester this process cost, in the year ending November 
30,1910: 

Per million gallons of sewage, $2.76 
Per thousand gallons of sludge, $1.20 
Per ton of solids, $3.50 

The cake is used for filling in land. 

At Providence the total cost of sludge disposal in 1909 was 
$4.22 and in 1910 $4.06 per million gallons of sewage, and the 
cost of sludge pressing was $2.85 and $2.62, respectively, per ton 
of dry solids. 

Aside from the Worcester and Providence plants, where the 
cost data are carefully kept, the information to be had from 
American practice is so meager that the following supplementary 
figures referring to sludge pressing in England are given. 

In Leeds, according to W. W. 'Buggies, 3 the cost of pressing 
was, in 1910, but $14,784.61 for 16,017 tons of dry solids, or 
about 92 cts. per ton. 

1 Sewage Disposal with respect to Offensive Odors. M. X T. Congress of Technology, 
April, 1911. 

2 Exclusive of sewage beds and filters. Sewage Sludge Disposal, Eng. Rec. t Vol. LXIII, 
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Mr. Ruggles gives the cost of cremating sludge cake as about 
$3 per ton of dry material, and that of carting and dumping the 
cake as seldom less than 60 cts. per ton and frequently two or 
three times that amount, depending on the haul. 

According to the Royal Commission on Sewage Disposal, 1 the 
cost of pressing sludge under ordinary conditions, reducing the 
moisture, 90 to 95 per cent, in the raw sludge, to about 55 per 
cent, in the pressed cake, may be taken as follows: 

TABLE XXXI 

Cost op Pressing Sludge including Interest and Sinking Fund 

! We t sludge per ton J Pressed cake per ton 


For populations of 30,000 or more and j 13.2 cts. to 15.6 cts. 59.7 cts. to 70.6 cts. 
ordinary sewage. ! 

For populations less than 30,000and where, ; 18.1 cts. to 28.0 cts. 81.4 cts. to $1.249 
on account of septic or greasy sludge, 5 to 
20 per cent, lime had to be added. 


According to &anto Crimp, if the moisture is reduced by press¬ 
ing to oO per cent., the product from each inhabitant will equal 
2 cwt., or 0.112 ton, per annum after efficient chemical precipi¬ 
tation. 

Pressed sludge cake weighs, according to Rideal, 8 2/3 tons 
per million gallons of sewage, and the moisture can be reduced 
from 50 per cent, to 12 per cent, by air drying. 

The value of this air-dried sludge he estimates for different 
English plants as follows: 

From $2.48 (Birmingham using lime, and Windsor employ¬ 
ing the Hilles process) to $5.90 (Coventry using sulphate of 
alumina) per ton of 2000 lbs. The dried sludge at Aylesbury, 
where the A B C process is employed, is valued at $7.10 per ton! 

5. Drying with Centrifugal Machines 

Drying by centrifugal machines has hardly been attempted in 
the United States. While admitting the excellent results ob¬ 
tained by the Schaefer-ter Meer machine abroad, its high first 
cost has prevented its introduction into this country up to the 
present time. 

1 Fifth Rep. Royal Com. on Sew. Disp., p. 170. 
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A centrifugal dryer of more simple construction is used at 
Reading, Pa., however, for de-watering the material received 
from the rotary screen. , The sludge is delivered with 89.5 per 
cent, moisture by a screw conveyer to canvas bags. These are 
placed by hand in the hydro-extractor, which is about 6 ft. in 
diameter and 3 1/2 ft. high. On removal the moisture has been 
reduced from 89.5 to 73 per cent., 19.6 per cent, of the product 
being volatile, and the weight has been reduced from 62-70 to 
31-35 lbs. per cubic foot. The material taken from the machine 
is burned under the boilers of the sewage pumping station. 

The manual labor required in the operation is a serious objec¬ 
tion to this type of dryer in connection with large plants. 



Fig . 41.—Centrifugal sludge-drying machine at Frankfort, Germany, 
(Courtesy of The Lathbury-d’Olier Co,, Philadelphia,) 


In Bradford, England, the cake from sludge presses is heated 
in a rotary drier, which reduces the moisture from 33 to about 
9 per cent., leaving the dried product in a form suitable for 
shipping. This is said to find a ready market at $2.17 per ton 
and has proved so profitable that similar machines are to be 
installed at the sewage treatment plant at Dublin. 

The cost of producing the dried product for use as a filler for 
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HKW'MiK HUiniE 


fertilisers under American conditions is muiinaied by* Mr I{uaeliM 
as follows: 

r*:w! |ii»r l«ii 


Filter pressing ....... . . . II III 

Drying .. iff* 

Grindingill 

Bagging.. , u% 

Total-- .......... . . . $1 mi 


While its value as a ferfihVr, which h«* bm* ^rfiaiafolv 
estimated at $6.7(> and $10.79 per ion, is w^nnml to hr m, huM 
®4, leaving a profit of $2.04 per fond Tim co.G prr rii. pi hi 
dried sludge at Hanover has been estimated at GO ream and At 
America would probably be more than double flib um*mn*y 
Kirmicutt, Winslow and Pratt give the probable <■,**? of *Jiy. 
ing by centrifugal machines as from .1 to 7 rent,, per vn, yd, of 
wet sludge. 

With regard to the KiduudVivier Mrcr nmrhmr;^ ?fir 
data are from the operation of the 4 units ins!died at Halve, n\ * 

Dried material produced per uuif per do v 
Dried material produced per million gallon* .sewage 

(font of operation: 

Per unit per day. 

Per capita per annum .... . 

Per million gallons sewage,. 

Per cubic yawl wet sludge.., 

Per cubic yard dried sludge . ,, , , 


do :m oj, vK 
4 4 I 4 U n id's* 


112 ^ 

m 

i tvj 

U7 If# 
;i;t tm 


fi. Itmnxrif of Vnimlfr Yolo, 

No attempt hm been made in milb- tl,. htimi e {1 |„,i}i,. Vf< |»,r* 
of Kludge on a largo mmlo in i|„. Ciiifod | M ,t 

cniiie e\jau4 

incuts have been made in tlii« dimliMH by ti 1( - M;, 

1 Mmam made by a “ wtdbkmwm tu \» n %.*„ ‘ 

Ammonia. H.ti per m*< , .. 

KquiviiklU of lxm« phtnphnU% #fj wf r*V ;; 

Pefiwk .24 ceiil .. \L 


r^Umarn mtmnph timmlml Thn Am*am „< WnhMm 

Httmmn* ma it*. m, m m L $t tl 

Pkmphorte arid, *444 I\m. m i *i« ' m 

Peupla fl. 2 t\m. af, 4, m rt* J 

1 • ’ * - 4 * » * «* * f .* * « . * 4 P» 

»Rep. Hew, Disp. ««,. jj, jot I * iW ‘^ 



















Sinii' Hoard of Health, 1 by tho city of Worcester, Mass., 2 and 
!>y tie* Lily of Philadelphia. 3 

in [sits the Massachusetts State Board of Health demon¬ 
strated that gas was evolved from the sludge rather than from 
tin* soluble contents of sewage. 

In tin* year 1900 the following volumes of gas were produced 
m o septic tank, illustrating clearly the effect of temperature. 

TABLE XXXII 
Has Produced m Septic Tank 


April 21 1 May 2 to I July 10 to Oct. 4 to 

to May 1, May 22 | July 20 Out. 0 


Average hours ntomgo . . ,. ,. .. 28 21 28 

Avi‘f,‘W‘ amiMTitturo in tank........... f>l 52 74 

find gn> p* T I,(HK),(KM) gallont of (5100 8400 11200 

r «*wug«* p?t;wd. 

OiiWi* Kan p«*r 1000 gallon?? of tank 5,8 9.5 9,5 

ndpfirtfy, 

f nint' ffu,* pur culm* f »of idudgc in tank 0.71 1.27 1,27 

I 

T«t illialnde tho effect of varying composition, the amount of 
ans obtained from the fermentation of different sludges was 
determined* 


23 

05 

6000 

5.3 

0 . 71 . 


TABLE XXXIII 

Amount or Uah Produced iiy Fermentation' of Different Seudges 

0<*utimctnm of gm formed par 
gram of 


Kludge jOrganic, matt,or 


0.00 0.00 

0.84 0.40 

0.80 7.45 

4.14 9.00 

Sept If* f unk gas was found to be composed principally of 
met fume, carbon dioxides and nitrogen. The methane varied 
from 2X.7 to 70.0 per cent. When obtained from the fermenta- 

* Mint*. SI. Bii. Hill*., HIOH, p. 402, H m,. 

* Kw, AVm. 1HS«. 

’ H>irwiu of Survey*, aompiMng work at tho mww experiment rtatfon at Spring 
Uurilwt, l’i,ll:„l<-||,hbv, IfllO, p. 101, rf, mi. 












lion of sludge, the methane varied from 70 per reiti. in ifp* 
of septic sludge to 2 jx»r eonl, in the rmm of Mrdman, 
sludge. 

TABLK XXXIV 

( ’OMPOHITION OF <i,\h BffMO TFI* 

| iVf 



: ( * <L 

cii, 

\ 

Sop tin Link A . 

n t 

;?* 0 

in ii 

Septic Link B . . . , 

12 2 

«I 7 0 

111 ii 

Andover septic Link 

# J H 

*« # H V 

in 11 

Sludge from regular sewage 

2H 7 

1 * 

10 , t 

Sludge from seplie tank 

II 7 

7 't ** 

12 1 


blxperimentu were begun in Milts on the db? illation .,j* 
from .sludges of kinds, The average volume* ptoduenj 

were as follows: 

TAB LB XXXV 

Gab Pkoduckd pun Ton* i»f Ifm 81*1*111111 

From settled sewage Kludge. . . , , , ffiffjo m, ft. 

From chemically precipitated ago Millirn ft 

From septic sludge ..»<«»,,.„ j, 

From peat., „ 

From soft, coal . WMKi *•» ft i,« 1 ,* >«»t * ,, ft. 


VVhil( ( the composition of the gases depended mm-h on ,j ( , 
fumroti of the material, those from sludge contained, in pmctnl, 
more (A) s and 00 and of “the so-called illuminator' than f}*** *- 
derived from coal, while the H and I'll, vu re fe,-. j„ v 

The resulting coke amounted to from to to it;, pm cent, ,4 t p,, 
weight, of the dry Kludge and, although containing much mutfi »i 
matter, could no dmiht, be burned a« fuel, Analyse,, of ti,j* 
Hhowed from 1.1 to 1.7 per cent, of available fy>, and about 

7 rr"" °- f ! »« »Ji<* kludge. «‘\fmh of the t H u 

* dint Hied oyer with tie* turn* * * v Tub, j, v „ 

product could readily be disposed of by mixing it with the eoko 
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an<l burning, or if it were formed in sufficient amounts it could 
t>e burned directly, in Urn same manner as water gas tars are 
utilized.” 

TABLE XXXVr 

Anamsks on SwmoKK chkii, Pkb Oust. or Coke Formed and Amount 
of XrnuHjMN in (Joke 


(’(imposition of warn- 
pic before diminution 
per mil. 


Per cent,. N (by 
wL of total 
hIuOkoJ 


Per 

available 






| coke 



PaO* 


Total 

Loss <m 


j produced 

Found 

Ah N M a 

in coke 


N 

ignition 


1 

in coke 

in washer 


# 

Idmpw'i* (nettled Pfowagol 

on 

30. s 

12. 8 

1 m , r> 

.11 

! . r,so 

1.33 

\ffdoV«*r f titled 4CWIIKCI, 

2.11 

Hi.n 

27 5 

: r>ii. r, 

.07 

! .22(5 

1.33 

Fliiifou tsHtlcd tcwit^ci, 

o.on 

Til 

7.7 

44. r, 

.72 

. 404 

1.44 

Hp»cbtoH t ocHlod 'icWftKvJ 

i . 70 

40 0 

0,2 

oo. r> 

. 04 

1 .137 

l. 17 

VVorccutcr vhem prccspJ 

! lb 

11.5 

3,2 

r,4.o 

. 00 

, f,44 

1.07 

Peptic tauli , , 

2 40 

47. 0 

8 3 

oh, 5 1 

.27 

.407 

1.15 

IVa* 

2 5t 

02 0 


40.0 

.70 

. 700 

0.31 

coal bm*r. of 1 kind** 


oo h 


77.3 


J . 222 



TABLE XXXVII 

<UfHH Pittnivcut) by .Dkhthuwivk Distii,cation on .Sewage Huidcjw 



< 'tu ft. KVA 


Illumi- 



Hmiiiw 

per ton of 

CO;t 

v> 

nun In 

o do if ! on, 

N 


dimple 


07 

1 f<j i At ( /v % 

! 1 1 1 

/a 

ifimtuntm fwifled 

4000 

4.4 

2 2 

0.3 30.7 34.0 18.0 

0.1 

\mlnvrr d'Htlrd mvtiKcj. 

o too 

7.4 

15.1 

,0.0 14.3 22.0 34.3 

5.4 

^Itttfoii fvillcd 

0100 

8,3 | 

0.7 

0.0 20.4 33.2 24.5 

7.0 

ftforfet'MM fUef fled • tmaifr < , 

0000 

10.5 

21 ,4 

0,2 10.3 22.6 20.1 

0.2 

fehetn ptwip <. 

3100 

14 .2 ! 

4.0 

■0.3 20.8 32.0 10,2 

2.2 

<So|**«r tatilm . 

4000 

7,5 , 

1 .0 

;0.I 24.3 44.0 13.0 

10.2 

Peat , 

8100 

30 0 

4.7 

0.2 11.028.0 17.1 

0.0 

rOfft coal , . , , 

10200 

1 ,0 

2.0 

jO.t, 5.2 02.3 25.7 

3 . 2 

Illsiwitfeiftni# yuvt (Litwcrcttcid 


3 4 

0.1 

0,0 21 .5 42.5 10.7 

3.8 


I lie Worcester experiments referred to were made in 1X91 
and eond-ted in burning 4.1 tons of sludge containing 40 per 
cent, moist tire with the aid of li cords of wood. The total cost 
of ij* disposal, inehiding (lie mamutl labor of collecting the 
sludge from the beds and conveying it to the furnace, was $3 
per ton of drv sludge. 
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At tho Philadelphia sewage experiment station wet 

wns mixed with an <u|mi! weight of riee«*size antlinimfo enal. 
Tin* resulting mixt ure wan \J>1 times tin,* volume of tho >1 n«|^«* 
ami Its speeifie gravity 1.2fb Tim pereentage of moPture wan 
reduced in thin way from hi pea* rant, to p4 1/2 par rant, After 
planing in a Kludge* lagoon to a, depth of 12 in, ami drying 24 
hours, thin was reduced to about 27 I /2 *per cent,, and in 0 days 
to 22 I /2 par emit *, tin* tempera! tiro being about 27'" P, 

Tin* result of tin* mixing in shown in the followna table: 


('onsfif tienf' 


: Percent, 


IJ hi, tiHf mi, v*|. 


Moisture . .... . 

Foul................. 

I >ry residue of t hi* .sludjj 


Kuch ml lie y«r<l of wet. *liulf<e, utter drying, wit It ||, N . 
of eonl, produced one ton of flic dried mKliire delivered at the 
boiler house* for fuel. 

The British thormul mills contained in the materials mini 


In the* rein! m mn- *Iwd»,» , , , 
■In Mut drnlge a« burned.,,,, 


J2flWt 

mn tip mm 


TAKMK XXXVIII 

IIimnr/rH or ffimew Aiiowtinn toa mm IVrni torn, 


Permifagn of dry volatile., , , , 

bha. dry rmdfift in dudgf* iimw! , . , , 
Phs, volatile matter in kludge med , , . 
bb«, eoid burned with dmhw . ., ., 

bhs. wat wludge burned per iiiiitufi*, , 
Lba. volatile matter burned par fttlttitte 
dry residue hunted par minute 
bbw, of coal burned par pound of 
Wot »Iiidgo ,« , , . , , 

Dry residue , . 

Volatile mutt or, ... .,, ., 


7 UI 

to mtfi 

to a 

to 

to 2 

21 o 

to 
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im 

III 
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to 

to 
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l lir* experiment demonstrated that it was possible to burn 
in this way under boilers, but the degree of economy 
effect<*d was not determined. 

Samples were* then taken ol air-dried screened sewage sludge, 
maid** sewage sludge and IOmseher tank sludge and mixed with 
equal weights of pea coal, and of wet sludge mixed with equal 
weights of rice coal, but the moisture to be evaporated inter- 
feivd with .realising their full caloric, value. The small coal con¬ 
sumption if, was believed, however, would frequently justify the 
employment of this process in connection with sludge disposal. 









CHAPTER IX 


Summary and Conclusions 

In selecting the best method for removing the solid matter 
suspended in sewage we must consider the kind of subsequent 
treatment, if any, it is to receive. If the effluent is to be put 
through sprinkling filters or contact beds or if it is to be applied 
to the land it should be delivered in as fresh a condition as 
possible and the coarser particles should be removed by screens, 
scum boards, grit chambers or a combination of some such de¬ 
vices. Otherwise the process will be more offensive and the 
filter beds more likely to clog. If it is to be discharged into a 
stream, too coarse material should be removed as causing de¬ 
posits on the bottom or an offensive appearance of the surface 
of the water. If, however, it is to be utilized on account of its 
calorific or fertilizing properties the sludge from plain sedi¬ 
mentation or Dortmund tanks or that from fine screens is pref¬ 
erable to the more completely mineralized product from septic 
or Emscher tanks. If septic tanks are employed the grit need not 
ordinarily be first intercepted, but may be handled in connection 
with the other sludge, but in the case of Emscher or Dortmund 
tanks the grit is undesirable, as tending to clog the discharge 
pipe. Chemical precipitation is sometirpes to be preferred in the 
case of a very strong sewage or one containing acid wastes in 
large quantity, or in case it is thought best to press the sludge into 
cake. , If the sludge is to be buried, air dried, used for filling in 
land or dumped at sea the septic and Emscher tanks have the 
advantage of furnishing a product of small volume which may be 
readily handled with the minimum offense. Fine screening 
requires but little room and therefore should be considered where 
land values are high, but in this case, as well as in plain sedi¬ 
mentation, the resulting detritus or sludge contains so large an 
amount of moist organic matter that its prolonged storage is 
objectionable in populous districts. These questions have been 
so fully treated by Dr. Eisner in Part I that it is unnecessary to 
dwell further on them here. 
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Having < 1<i<I (h 1 on the general method to be employed the 
results that may be expected, based on experience in the United 
States, are about as follows: 

TABLE XL 

Removal on Scxpended Solids by Different Methods 
of Treatment 


Method 

| Per c«nt.. Du. yds. sludge 

! Per cent,. 


removed ' per mil. gal. sew. 

i moisture 


Par m rmis, spaces 8/ i in. to 1 in. 

. . . . 2 to 10 

0.1 to 0.25 

65 to 75 

Moth nereens, spaces 1/4 in. nr less, . , , . 

. . , . 1 f> to 25 

0.0 to 1 .4 

80 to 00 

Orif elwinbiTH, . . , ... 

.... r» to io 

0.1 to 0.8 

35 to 50 

Plain sedimentation . , , , , . 

, . . , 50 to 70 

4 to 7 

87 to OB 

Coptic Links., , , , 

, , . 50 to 70 

1.5 to 2 

80 to 00 

Larwher Link*, , , , . 

. . . . 50 to 70 i 

1 to 2 

75 to 85 

Chemical precipitation , ., , . ,. 

. . . . 75 to 00 | 

20 1,o 25 

80 to 02 


TheM* figures an* subject to ho great a variation, depending 
on local conditions, that they are merely given as a guide to 
indicate the limiting values under ordinary conditions* 


Cub& 'fatxto of WSIudge containing 100 tbs* of Dry Residue. 



Fn. Li of i hnigo with varying percentages of moisture, 

H**pruUm ed from Report on Disposal of Sewage, Philadelphia, 1011.) 


The kludge produced 1ms generally been given heretofore in 
cubic yards. In England it is more customary to mention the 
product by weight and as this is also frequently done in the 
"United States the following equivalents may be found useful, 
although these an* subject to variation, depending on the char¬ 
acter of the ingredients and the space occupied by air after 
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In selecting the method of I real meat the rmi 1-, «» important 
nml sometimes (he routmllimr, factor. The M*p?k tanks at 
Washington, Pa., cost $1172 per million paHonw tirati*«I daily 
or $ I o,lot) per tnillion gallons gnu-s ru|i*ar'it \ while * hi* corre¬ 
sponding costs for (hr* larger Coltuidm.*, <>., tank, ;(}»* eontraet 
price for which was particularly favorable} «»-iv and 

SX220, respectively. Kectuugiilar I'lniwher lank* wit h ;t ho urs > 
retention of sewage and A months retention of dnduc would 
probably cost from fflm to per million : */dh» t K daily 

flow or from ftfO.ttOO to Slft.tKK) per million «»llom goo >, r»pa<*ity 
depending on the excavation. The following firm.-, m, a pe 7 
capita basis are given by Mr. flraw- M. Wimer, Chief Mutineer 
of tho Chicago .Sanitary District.'-' 

TAItf.K xwr 
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TjffWi 

j atr 

j W«dm! j* oo*| j 

j ttf f 

< d«* * |d <t ttx, 

i<?4um ru#it lor* 

Hi might How , . „,. „ 

.. ( 'oliiiiihsu 1 1 ,,,, ,, 

* f i tows | 

mi UH 

Htmhchf How ,.,,,, 

*** 'fhhmhma. 

4 8 tows 1 

m 77 

Ihirfmiimi t»nk, 

. ; niovmvilfd S. V 

J 

p$ m 

Kwmchcrfunk 

. »> 1 f k», , 

J 4§im?sv S 

II,« ■ 


in cane f lie area available for windy*** drying in limited or costly 
the hmseher tank has a decided advantage, m fully explained 

> Ammtin* U> Mr. ft. M, TVMii-r, Aww, M, Am. U<m- r, t;. 

J Knu. Htr., S< n mil. 

* Hluilgo ,-rtomKMui.t o«nMft.!ic.J. 
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SUMMARY AND CONCLUSION 

by Sjiillncr and Bhutk. Ah a result of the Chicago Experiment 
.Mr. iVurse is of the opinion that with 6 to 8 hours’ retention of 
sewage in a septic tank the Kludge requires at least 20 days to 
become spadable, whereas with but from 1 to 3 hours’ retention 
oi sewage in an Emseher tank the sludge is in condition to be 
handled in about o days, requiring, therefore, not more than 
one-lourlh tin* area, .for plain settled sludge a still larger area 
is required amounting to from 1 to 2 acres per 1000 tons if air 
dried, or from 0.2 to 0/1 acres per 1000 tons if buried. See 
page 239, 

It. is concluded that the land required for Kmsoher tanks 
amounts to 0.93 sq. ft. per capita or, with appurtenances, 
10 sq. ft, per capita,; and that for the drying IxmIh there should 
be provided 0.3 sq. ft. per capit a or, including tracks, dikes and 
flint ribut ion, 0,5 sq. ft. per capita. The cost of the beds is esti¬ 
mated at 15 omits per capita. 1 

Kxperienee in t he Kmschcr District has indicated 3 that three- 
lourf hs acre ot land is required for every 10,000 persons, producing 
about 30 cu. yds. of spadable sludge (less than .10 per cent, of 
the volume of the fresh sludge) per annum. One man can 
handle the sludge from three times the above population if the 
point of deposit is near the plant. 

As lo the final disposition of the sludge the method selected 
depends, aside from the eost of land, on the character of the 
sludge, flu* material available for sludge beds, the proximity 
of dwellings and tin* general character of the actual and pros¬ 
pective development in the neighborhood. 

In general terms, perhaps the following selection, as proposed 
by Kitmieuff, Winslow ami Fruit, is as appropriate as can be 
given without going into greater detail: 

L In tlie ease of small isolated plants air-drying on the land 
or in lagoons is generally preferable, giving the dried sludge to 
farmers or burying it in the ground. 

2. For larger, but moderate-sized plants, burying in trenches 
is found satisfactory. 

3. For large cities located on the coast the cheapest and most 
expeditious method is removal by scow or steamer and dumping 
at sea* 

4. For large* inland cities mechanical drying is often necessary, 

Jiica* fm Bwiijsgc 'Ofciiwnl M (Untt0t M, Winner, Chicago, UUI, 

a d»fh» Sftviflc, /cur, Amm, Mny, Scr,, July, III!I, 
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in which case the product can be given away as a fertilizer or I 
can be buried or, in isolated localities, used for filling in lan < 1 
If these methods of disposal are not feasible for any reason t 1* 
product can be mixed with house refuse or with a small amou 1 i 
of coal and burned in a destructor. 

At the present time there are over 330 municipal sewu ^ 
treatment plants in the United States. Of these, about thr<*<- 
fifths employ the septic tank, either for the complete, or an 
preliminary process and one-fifth employ plain sedimentation 
The former method, which might more properly be called t I * 
semi-septic process, has been very generally adopted in the mid* i 1 
west during the past 10 years. Although the term septic hst 
been popularly attached to these tanks they are not true sepf i 
tanks in the light of the Saratoga decision. Their effluents off 
contain dissolved oxygen and aerobic conditions undoubted 11; 
often exist in those parts of the tank through which the clear* 4 
liquid passes, while the solids, detained by efficient baffling am 
generally collecting largely in the scum by reason of the entrain m 
gas, may at the same time develop septic or anaerobic conditio* i .< 

The period of retention is generally comparatively brief—off * * 
not over 4 hours—so that the sewage does not become thorough 1 t 
putrefactive or devoid of dissolved oxygen before passing (pH 
These tanks and those devised by Travis and Imhoff are simil ?* 
in this respect and differ from the septic tank of Cameron, whc*r 
the sewage is retained at least 12, and oftener 24 hours. Tli i.** 
too, is the usual practice in operation in the Eastern states. Tli 
divergent results obtained in the former tanks, for which fit 
term “hydrolytic” has been used, from those obtained with t li 
true septic tank has resulted in a certain confusion of ideas ii 
regard to the efficacy and offensiveness of the septic tank pr*i 
cess. The shorter period of retention, combined with a sewajr 
both fresh and weak, results in an almost entire freedom frt p t 
offensive odors in many of the western plants that is usually it * a 
enjoyed where a strong sewage is retained for an entire day in :i; 
uncovered tank. So, too, there appears to be a marked different * * 
in the amount of sludge and scum produced; for, as noted I 
Mr. J. W. Alvord, the deposits, requiring removal from tli 
western plants handling domestic sewage only are frequent I_ 
very small in amount, while the scum forms rapidly, after sepf i 
action is established, to a very considerable thickness. 

This suggests the desirability of studies to determine the 1 >c*h 
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way of removing and disposing of the scum, which differs materi¬ 
ally in character from ordinary sludge. 

Although in the Emscher District the scum does not seem to 
accumulate t o a great thickness if may cause trouble in. Emscher 
tanks through its buoyancy by clogging or over-tapping the vent 
openings unless t hese am of ample width. By breaking up the 
mum occasionally with a rake much of it will sink as a deposit 
wit h t he sludge and release any accumulation of contained gas. 

When removed from the surface of a tank receiving fresh 
sewage and whose* contents are not thoroughly septic this scum is 
not particularly offensive and may often be dried out on beds in 
the open air before final, disposal if not in the immediate vicinity 
of dwellings. 

the absence of sulphuretted hydrogen ; and objectionable 
odors generally, in the tanks of the Emscher Association, has 
been received witli a certain amount of incredulity. There 
appears, with our present knowledge, no good reason why these 
rn-es should not form in one style of tank as well as another, 
provided tla* other conditions are similar. Possibly the motion 
of f he sludge part tries {-aused by the eruption of gas bubbles and 
the settlement and withdrawal of sludge may influence the forma¬ 
tion of flaw gases, but it would seem to be largely accounted 
for by tin* fact fhat the greater part of the organic matter from 
v.Iiich sulphuretted hydrogen is produced remains in suspension 
or in 'olmion in the sedimentation chamber and passes out with 
Ihe effluent, while tit the true septic tank these are retained in the 
tank unt il put refaction is energetic and the odors, which are 
chiefly derived front the wm-sedimen table portion rather than 
from the sludge, are given off in large amounts. 

With regard to sludge disposal in America, while there are 
Delated examples of lagooning, drying on the land, centrifuging, 
pressing and burning, these are so few in number, or else have 
been carried on with so little knowledge or care for the highest 
efficiency, that, no generalizations can be drawn that would 
compare in value with those derived from fonagri plants and 
described so fully in the reports of the Royal Commission on 
Hewage Disposal and by the authors of the first three parts of 
this volume. The quite common use of the septic tank has, in a 
measure, simplified the sludge problem and with the anticipated 
adoption of the Emscher tank by many towns within a short time 
another step forward will have been taken. Horizontal tanks, 
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with or without, chemicals, will probably continue to bo used un 
account of local conditions and it is probable that a broader 
field for fine screening and drying by cent rifugnis will develop, 
but from the marked advantages in sedimentation processes 
carried on in conjunction with a special sludge chamber if seems 
probable that the Kmseher tank in Its present or a modified form 
is destined to play an important part in sewage treat men! in 
America for some 1 time to come. 
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Perehloride of iron, 235, 230 
Phosphates, Phosphoric acid, 83, 

93, 242, 248 (See also 

Fertilizer.) 

Pipe (Men also Transportation, Mow), 
42, 47, 49, 52, 53, 01, 85, 

80, 227, 252 

Plowing under (See Sludge Burial.) 
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Pneumatic (See Compressed Air, 
Odorless Excavator, Sludge 
Transportation, Vacuum 
Receiver.) 

Population (See City in Question.) 

Potash, 83, 84 

Poudrette, 93, 125 

Power required, 76 

Precipitant (See Alumino-f e r r i c, 
Chemical Precipitation, 
Ferric Sulphate, Iron Salts, 
Lignite, Lime, Sulphate of 
Alumina.) 

Pressed sludge (See Sludge Cake.) 

Pressing sludge (See Sludge Pressing.) 

Pump, pumping sewage, 225 

sludge, 41, $0, 51, 66, 87, 135, 
146, 230, 233, 235, 237 
detritus, 26, 27, 210 

Putrefaction, 7, 14, 25, 59, 76, 135, 
143, 169, 180, 236, 256, 257 

Recovery (Bee Fertilizer, Gas, 
Grease, Calorific Value.) 

Removal of detritus from grit 
chambers, 22, 25, 201 
from screens, 23 
of sludge, 22, 129, 242 
from plain precipitation, 23, 27, 
47, 48, 215, 217 
from chemical precipitation, 
235 

from Emscher tanks, 23, 143, 
170, 174, 227 

from septic tanks, 23, 218, 221, 
222, 223 

Retention (See Removal.) 

Revenue (See Sludge, Value of.) 

Roily water (See Turbid Liquid.) 

Rotary dryer (See Centrifugal 
Machine.) 

screen (See Screen.) 

Rothe-Rockner process, 134 

Royal Commission of Sewage Dis¬ 
posal, 238, 242, 244, 257 
Experiment Station, Berlin, 

16, 128 

Salt, 235 


Sand (see also Filtration, Detritus), 
24, 26, 109, 241 

Sand filters (See Filtration, Inter¬ 
mittent.) 

Sawdust, 241 
Scraper, 45, 47, 73 
Screw conveyor (See Conveyor.) 
Screen, screening: bar, 19, 22, 51, 
84, 115, 202, 203, 204, 209, 
210, 221, 225, 233, 235, 252 
mesh, 22, 76, 84, 115, 200, 204, 
206, 208, 209, 245, 252, 258 
Screenings, 9, 92, 202 

composition, 9, 204, 205, 209, 
210, 245 

amount, 17, 19, 204, 205, 209, 
210, 245, 253 
Scum, 110, 141 

composition, 216, 224, 225 
amount, 215, 216, 222, 224, 227, 
256, 257 
disposal, 126 

Scum board, 29, 141, 215, 252 
Sea discharge (See Ocean.) 
Sedimentable matter, 190 
Sedimentation (See also Precipita¬ 
tion.) 

plain, 15, 18, 30, 190, 210, 212, 
213, 256, 258 

tank, 40, 46, 62, 115, 133, 140, 
141,142, 212,214, 217, 257 
sludge, 62, 64, 78, 83, 102, 131, 
132, 214, 217, 241, 252, 253 
Septic tank (See also Sedimenta¬ 
tion, Sludge), 11, 25, 74, 
79, 84, 115, 140, 141, 142, 
217, 219, 221, 222, 223, 247, 
252, 253, 254, 256 
Settling (See Sedimentation.) 
Sewage, composition, 8, 11, 16, 20, 
195,196, 197, 198,199, 206,’ 
211,212, 213,218, 220, 221, 
222, 223, 226, 231, 234, 236, 
247' 

Shone ejector, 230 
Shutters, 50 
Siphon, 47, 53, 154 
Skimmer, 44, 45 
Slag, 99,. 101, 109, 152, 164 
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Slop** of bottom, 30, 31, 37, 38, 30, 
40, ft, 43, 40, 50, 224 
of pipe, 40, 53 

Sludge ht*d (see also Sludge Dry¬ 
ing, Aron), 50, 57, 50, 03, 
87, 00, 112, 134, 130, 137, 
117, 152, 150, 104, 105, 175, 
177, 188, 101, 235,237,240, 
241, 243, 250, 254, 255,257 
burial, 88, 135, 142, 233, 230, 
243, 255 (See also Area, 
Sludge Drying.) 
wikis 07, 04, 09, 100, 100, 107, 
108, 231, 233, 244, 252 
calorific value, 05, 00, 08, 100, 
102, 101, 127, 152,240,240, 
251), 251, 252 (See also 
Burning.) 

compodtion, 7,0, 10, 11, 12, 13, 
IK 10,30, 43,54,01,74,81, 
80, 01, 122, 131, 1 44, 145, 
1 10, 148, 1 10. 15 K 153, 154, 
158, 150. 10K 107, 108. 175, 
180 , KH1, 184, 185/212,214, 
215, 217/218, 221,222, 223, 
224, 220, 242, 247, 250 
eylliiiltr, 43 

dwfrlbtRkm (Bee Pip# lines, 
Cimmiels.) 

drainage of, 8, 41, 50, 01, 134, 

137, 142, 140, 100,103, 104, 
170, 178, 180, 188, 101,241 
(See titan Sludge Drying, 
Sludge Beds.) 

drying, 55, 128, 120, 132 
artificial, 04, 114, 104, 122, 

138, 211, 252, 255, 257, 258 
in (lie nlr, 0, 21/24* 30,30, 50, 

00, OK 02, 07, 80, 00, 03, 
07, 08, 107, 100, 122, 133, 
140, 150, 170, 212/224/227, 
228, 235, 240, 241,244, 245, 
252, 254, 255, 257 
fmmkm, 170 
grogne I n CHee C \ reaw.) 
fielder (See Sludge Receiver, 
Sludge Tank, Vacuum He* 
eel verd 

iUimfmUmt (See Digestion,) 


liquor (See Turbid Liquid.) 
removal (See Removal.) 
measuring, 173, 175 
press, 18, 65, 77, 100, 108, 113, 
127, 137, 142, 230, 232, 233, 
243, 244, 252, 257 
pushing ear, 33, 34 
receiver, 00, 72, 78, 80, 87, 110 
sampling, 184 

specific gravity (See Sludge 
Composition, Weight.) 
septic tank, 01, 02, 64, 91, 92, 
98, 102, 103, 110, 140, 111, 
142, 247, 248 

steamer (See Sludge-Transpor¬ 
tation, Ocean disposal.) 
storage of, 85,113, 140 (See also 
I)igestion, Removal.) 
tank, 207, 230 

f ransportation, 0, 51, 59, 70, 
85, 91, HO, 124, 129, 231, 
232, 237, 238, 230, 211 
value '4\ 82, 84, 80, 01, 02, 90, 

123, 124, 1.20, 120, 170, 242, 
243, 244, 245, 240 

volume, 5, 7, 10, 12, 13, 14, 15, 
10, 54 r 01, 04, 70, 73, 74, 
77, 82, 00, 102, 104, 112 

124, 130, 160, 253 

from plain sedimentation, 102, 
132,211,312,213,214, 234 
from septic tanks, 10, 210, 

220, 222, 252, 250 

from Pinscher tanks, 144, 
148, 150, 101, 102, 103, 165, 
107, 168, 173, 170, 177,221, 

221, 225, 220, 227, 228, 220, 
252 

from chemical precipitation, 
20, 230, 232, 233, 231, 235, 
236, 210 

weight, 70, 102, 148, 150, 151, 
155, 158, 106, 107, 108, 223, 
231, 344, 250, 253 
Smell (See Odor.) 

Solids In sewage (See Sewage- 
composition.) 

in sludge (See Sludge-compo¬ 
sition.) 
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Sprinkling filter (See Filtration.) 
Squeegee, 34, 35, 47 
Steam ejector, 26, 52- 
Stirring device, 44, 45, 47, 66 
Storage (See Removal.) 

Storm water, 8, 20, 191 
Street wash (See Storm Water.) 
Sulphate of alumina, 69, 98,104,127, 
133, 230, 244 

Sulphide of hydrogen. (See Sul¬ 
phuretted hydrogen.) (See 
also Nuisance, Odors.) 
of iron, 94, 134, 141, 221 
Sulphuric acid, 106, 108, 235 
Sulphuretted hydrogen, 79,140, 143, 
156,169,179, 257 (See also 
Odor.) 

Sump, 29, 42, 50, 51, 53, 78 
Suspended matter (Sec Sewage- 
composition, Sludge-com¬ 
position.) 

Sweepings, 92, 93, 100, 114, 128, 
136 

Tank (See Candy T., Chemical 
Precipitation T., Dortmund 
T., Emscher T., Kremer 
Apparatus, Septic T., Sedi¬ 
mentation T., Sludge T.) 

Temperature, 227, 247, 250 
Towers, 14, 27, 45, 127, 134 
Trade waste, 206, 232, 252 


Transportation (Hen C’artu, (*oio 
veyorn, Channels Pij 
Sludge Transportation, \ 
Turbid liquid, 27, 29, 86, 2H, 48, 1!!, 

50, 51. 57, 78, 88, 189, J HO, 
187, 188, 220, 241, 

Under-drainage (See 1) ra i n a go 
Water, Sludge I Inti nag**,) 
Utilisation of sludge, agrirulforal 
(hoc Fertiliser), burning * 
Calorific Value) ( Burning q 
production of gits p«ee i iu< /, 
recovery of grra* r rw 
Urease.) 

Vacuum receiver, 18, 27,29, II 18, 
81, 52, 78 

Valves, 28, 28, 29, 48, 49, 5b 58 72,, 
86 

Velocity, 14, 80, 290, 201, 202, 212, 
215, 233 
Vermin, 128 

Viscosity, 160 

Vitriol (See Sulphuric Arid.) 

Volume of kludge (See Sludg**, i 

of Hctim (Sec Scum, j 

Wagon, 52, 88, 129, 287 
Wastes (See Trade Wm4e,j 
Water in tdtidge (See Sludge Potto 
poMitfori.) 

Welk («eo also Sump5 1 i, 27, 20. 
30, 87, 29, 45, 47 
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Page If*. 



:*t» 

oll 

7! 


11 I * HI, 

** lit 
11 i \k 

“ is;;. 

** 21 Mi, 

81 201 , 

H 204. 

*• 210 , 

" 210 , 

•• 22k 

« 22!i 

11 214, 


11 25L 


11 2Mh 


Lin<' 2 {rum Outturn. In plane of “suspened” should road 
“suspended.” 

Urn* 1. In plane uf “ 100” should road “ 1000.” 

Line 1 o. In plaee o{ “ very ” should road “ (ivory.” 

He verse the numbers and poHitions of footnotes, 

1 odor Hg. 20, In plane of “the watering” should read 
’*1 >e watering.” 

Lant word. In plane of “ irnriaeration ” should read “evapora- 

f ion,” 

I Joe 12 hi plane* of “presser” should read “presses.” 

Line L In plane of “ 2 to M to 1 to 2” should read “ 2/2 to 1/2.” 
Line s, hi plane of “ 2 to 2 ” should read “ 2/2.” 

Line 9. 1 it plane of “ 1 t o 2» ” should read “ 1/2.” 

Lion 12 from bottom. In pla.ee of “<) to 10” and “1 to 10” 
should rend “0/10 ” and “ 1/10,” 

Line IT la plane of “1720” should read “ 1718.” 

Lin*' to. In plane of “withe” should read “with.” 

Line n from bottom. In plane of “W, Oven—Travis” should 
read “W, 1 Kven 'fravis.” 

Line 2 Iritin boffom. hi plane of “1.0” should read “91,” 

Lttie I from bottom. In plane of “2.1 ” should read “21.” 

Line 1,7 from bottom. In plane of “ Keehlinghausen ” should 
read “ Henklingbaumm.” 

Line 7, tti plane of “were” should read “wan,” 

Line 2. In plane of “ 18,150 ” should read “ 1815,” 

Line 1 from bottom. In plane of “Oom’rs ” should read 
“Clomht.” 

Line 12 ht plane of “ pumpted ” should read “ pumped.” 

I lure Table \ VI at foot of page. 

Line M, In plane of “40” should read “400.” 

In Table XXIX indent “ Barking” instead of “ Glasgow.” 

Line 10 from bottom. In plane of “the Hilles” should read 
“ iitiitbn,” 

, “12 4 

Lions 0 am! 4 from bottom in column 2, In plane of 

should tend “ 12,4 -22.9,” 22,1 

Ufa* LI. In plane of “ 10” should read “ 1.0.” 


M.tMM, Sj.f lea., 


